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POTENTIAL NOISE IMMUNITY 
AND CONDITIONS FOR REALIZATION 
OF SEPARATE SIGNAL RECEPTION 
METHOD IN FREQUENCY TELEGRAPHY 


I.S. Andronov 


The potential noise immunity of the separate signal reception method 
in frequency telegraphy (FT), in the presence of selective Rayleigh fading, 
is considered, It has been shown that noise immunity in this case is con- 
siderably higher than when the usual FT signal reception method is applied, 
and approaches the immunity of duplex FT signal reception. An analysis 
of the basic conditions for carrying out the reception method in question 
is given. It is also shown that these conditions can be relatively easily 
satisfied for calculated main radio-communication links and applied ter- 
minal telegraph apparatus. 


It is known [1] that the presence of selective fading of signals in FT 
offers, under specific conditions, a possibility of improving the noise im- 
munity of the receiving channel by means of calculating a priori data on the 
value of the expected signal. Let us analyze the potential noise immunity 
of this method for certain frequency cases of statistical signal and interfer- 
ence laws, and let us also examine some basic specific conditions for its 
realization. 


POTENTIAL NOISE IMMUNITY METHOD 


The potential noise immunity at coherent FT reception and under 
conditions of independent selective fading was investigated by L.M. Fink 
[2]. However, the theoretical realization of such a reception method 
(predicting with great accuracy the amplitudes and phases of the expected 
signals is a very complex task. 

In practice [1], in order to improve FT reception, only information 
regarding the value of the expected signal is used, while that regarding the 
phase is omitted. Therefore, it is convenient to determine the potential 
noise immunity for this case. 

Article [2] contains a number of valuable hints for the problem under 
consideration: 

1. An analysis of the potential noise immunity in FT signal reception 
at rapid selective fadings, most frequently offers the same relations as in 
the case of non-selective (synchronous) fadings. This is due to the fact 
that the information, in this case obtained from the analysis of preceding 


elements, does not offer any supplementary data regarding the expected 
signal. 

2. In the case when the fadings are so ''slow' that, the expected 
parameters (in our case, the amplitudes) of the FT transmission signals 
can be predicted with great reliability, there arise additional possibilities 
of reducing the probability of distortions at small correlation of the fading 
processes at various frequencies, possibilities, which are similar tothose 
offered by duplex reception. 

We shall demonstrate that, the consideration of information regard- 
ing the amplitude of expected FT signals, offers, in the presence of "slow" 
selective fadings, a possibility of considerably increasing the noise im- 
munity feature of the reception. 

To solve our problem, let us apply the method proposed by L.M. 
Fink [2, 3]. It is known [4] that, on reception of FT transmissions, 
when two possible orthogonal signals Zj(t) and Z}(t) are expected, the 
probability of distortions at coherent reception is determined by 


p= ll (H)) (1) 
where ®(h) is Kramp's function. 
At incoherent reception of a two-position system with active spacing 
and orthogonal signals, the probability of distortion will be [2] 


p= > exp|— mat (2) 


In these formulas the value h is determined by the equation 


= iz: (t) — 2; (0) dt, (3) 
2PN \ 


where PN is the specific noise power per unit of resistance, and per unit 
of transmission band; 7 is the duration of elementary signal transmission. 

The probabilities, determined by (1) and (2), were obtained taking 
account of the fadings in the received signal. However, as demonstrated 
in [2], these equations can also be applied for fading signals. In sucha 
case the expected signal is presented in the form of 


Z (j= p28), (4) 
where Z(t) is the signal at point of reception neglecting fadings, u is the 
random value. 

The law governing the distribution of the random value p is deter- 
mined by the character of the fadings. In short-wave communication, 
where the fading is basically determined by the interference of variously 


delayed rays, the distribution law can be approximated by the Rayleigh 
equation 


AD eset belt (5) 


where fy = Vu? is the root-mean-square value of ». At FT reception, the 
expected signals can now be presented in the form 


Z; (t)=p.2,(t) 
Z; (6) = 22s (2) (6) 


In the case when ‘icro is no correlation between py and pu, the 


2 


distribution laws for 4, and 2 are determined by (5). In this case, we 
shall assume that the root-mean-square value for j4 and py is identical 
and equal to fj, since the frequency separation between the FT signals is 
usually considerably smaller than the frequencies proper. When there 
is correlation between 4 and pl, the distribution law of these values can 
be defined by two-dimensional probability density [5]. 


Wort) = ee | ap (7) 
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where I)(x) is a modified Bessel function of zero order, R'?=1-r?, R?= 
=r", r is the correlation coefficient between py, and py. 
Let us develop Equation (6) in the form 


Z; (t) = piZ, (t) = p12 COS (F; Mf + 41) | (8) 
Z; (t) = oZo (t) =p @COS (ko ME+ Ho) J’ 


where kjw and kw, are signal frequencies, selected from the orthogonality 
condition Zj(t) and Z}(t), »; and 4, are signal phases, a is the signal am- 
plitude. 

In substituting (8) in (3), we find the value h? for the case of "slow" 
signal fadings, when /4 and py in the interval 0 to Tt can be considered con- 
stant [2]. 


¢ s uw? ai u2 
= —— (9,2, (9 — nde Dat =", (9) 
2Py 29 
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where h? is the mean statistical value of the signal energy, pertaining to 
the specific noise power. 

In considering a case of correlation between py, and fly, we shall find 
the mean value of the distortion probability in FT signals reception at 
‘slow’ signal fading. For this purpose we shall substitute h? from (9) in 
(2) and average all the possible py, and pL», values.1! 
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If the signal fadings are independent (r=0), we obtain from this 


1For this purpose, we used the well-known formulas from the theory 
of Bessel functions 


Io (x) = Jp x) 


and 
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equation 


Atragee Scopes (11) 
PET oe (2214)2 


When r = 1, i.e., at complete correlation in the fading of FT signals, 
we shall obtain the known expression [2, 6, 7] for the potential noise im- 
munity of the usual FT method in the presence of fadings 


an (12) 
=—— =p 
eee FT 


Per 


For the sake of a comparative evaluation of the above let us bring 
forward an expression, which characterizes the potential noise immunity 
at doubled reception of FT signals, without taking into consideration a 
priori data regarding the expected signal [7] 
on 5 4 2 (13) 
PET 49 B4+3 WS 


The relationships, determined by Equations (10) (at r=0.5), (11), 
(12) and (13), are shown in Figure 1 (curves 1, 2, 3, 4 respectively). 

A comparison of these curves 
show that, in the presence of selec- 
tive fading, the separate reception 
system of FT signals is only slightly 
affected by the doubled FT reception 
and considerably exceeds the regular 
FT reception, even in the presence 
of an appreciable correlation between 
M4 and py. 

It is interesting to determine the 
power gain resulting from the transi- 
tion from a regular to a separate FT 
signal reception system. We shall 
make our comparison at various dis- 


0; 10 100 00 10000 tortion probabilities P'FT [PETS 
and various noise magnitudes in the 
Figure 1 reception channels. In comparing the 


expressions of distortion probabilities 
(10) and (12), after simple transfor- 
mations, and at p > 1 and r< 0.9 we obtain 


Or a lola (14) 
Qer ee 


where Qpfry is the transmitter capacity, required for ensuring distortion 
probability p at regular FT reception and Q'pry is the same at separate FT 
signal reception. 

The required stability of main radio-communication lines is usually 
estimated according to a distortion probability of the order of p = 1074. 
From (14) it can be calculated that for these conditions, the application of 
the separate reception method offers a power gain of 15.6 decibels at inde- 
pendent fadings of the signal (r = 0), as compared with regular FT recep- 
tion. For the case r = 0.5 the gain drops to 15 decibels, i.e., the change 
is insignificant. 


CONDITIONS FOR REALIZATION OF POTENTIAL IMMUNITY 


Now let us consider the specific conditions for the realization of the 
potential immunity principles of the separate FT signal reception method. 
The optimum utilization of the signal energy in the presence of fadings 
should be determined according to the general principles governing the 
realization of potential immunity. These principles are well discussed in 
literature [2, 3, 6, 8]. 

The most important condition for the realization of the potential im- 
munity of the separate FT signal reception method is the presence of 
selective, poorly correlated signal fading. Selective fadings are obtained 
as a result of spreading the signals on two or several routes of various 
lengths, and consequently, during different propagation times. It has been 
noted that, the correlation of the fading processes of FT signals, basically 
depends on the spacing between the frequencies of these signals. The larger 
the spacing, the smaller the correlation of the fadings. The determination 
of the minimum spacing between the FT signal frequencies required for 
such a case, calls for additional experimental work. According to pres- 
ently available data [1, 9], under average receiving conditions, the proc- 
esses of signal fading cannot be considered correlative if the spacing 
between the signals is not less than 500 cycles. Within certain limits, the 
correlation can be controlled by means of selection of an operating fre- 
quency and applying a special antenna system, designed to select deter- 
mined signal incoming paths. 

The second very important condition for the realization of the sepa- 
rate reception method is the presence of ''slow' signal fadings. Based on 
an analysis of one of the schematic realizations of separate FT signal re- 
ception [1], we shall demonstrate the conditions under which the fadings 
should be considered "slow." A block diagram of a system for separate 
FT signal reception is presented in Figure 2a). 

Without considering in detail the operating principle of the presented 
block diagram, in view of the fact that this diagram is treated in full in 
[1], let us investigate the element which records the a priori data regard- 
ing the amplitude of the expected signal — the ''assessor.'' The ''assessor" 
diagram is presented in Figure 2b). This device carries out its normal 
functions in a determined manner, selected time constants of the charge 
and discharge. For further considerations we shall assume, in accordance 
with [1], that the time constants of the charge 


Cell RC, = RC, 
and of the discharge 
“disch~ C, (Ry -+ Rs) = Cy (Ry + Rs). 


a) b) 
reaeie a, 
Converter ' 'k, R; & 
Input Limiter |Output 
- and out- 0 
put block \ 


Filter 
Kow9 rectifier 


Converter 


Figure 2 


The time constants should be selected from the following conditions: 

1) Upon the application of a signal to the input, the voltage setting 
time at the "assessor" output must be shorter than the duration of the ele- 
mentary transmission. ; 

2) During the interval, i.e., in the absence of a signal at the input, 
the voltage at the "assessor" output should not vary significantly. 

3) In the presence of a signal, it is indispensable that the variation 
rate of the voltage at the output is not lower than the variation rate of the 
signal envelope during the fadings. 

It is obvious that, the failure to fulfill any of these conditions leads 
to a deterioration of the noiseproof feature. 

The constant, which constitutes the charge time of the ''assessor", 
is taken as equal to Top * 7/5 when the first condition is fulfilled. The 
second condition requires that the voltage at the output varies insignifi- 
cantly during the maximum time Tmax between signals Z}(t) and Z}(t) 
permissible for the given code. We shall request that this variation does 
not exceed 10 percent of the maximum value. Then, the equation of the 
discharge will be 


0.9 < exp [= anal 
tdisch 


From the above we obtain 
Se eOGT AN (15) 


After simple conversion this equation may be expressed as follows: 
n 


Fasenhor 4.8 
disch Fu 


(16) 
where n is the maximum possible number of elementary transmissions, 
transmitted in succession from one position, Fy is the basic frequency of 
signal keying. 

Assuming that the third condition is fulfilled, let us determine the 
constant dependence of the discharge. For this purpose, let us use an 
approximate value of the signal envelope Ugjo in the presence of fading 
having the form of sine curves with average fading frequency F3 (assum- 
ing that the fadings of the signal descend to zero). 


Usig = —U,, sin (2"Ft), (17) 


where Uy is the maximum signal voltage at the start of the discharge. 
It is obvious that, so long as the voltage of the signal envelope is 
higher than the output voltage, the latter succeeds in following the enve- 
lope, since the time constant of the charge is sufficiently small. Other- 
wise, the output voltage will be lagging behind the signal voltage at the 


"assessor" input and a discharge will take place according to the following 
law: 


(18) 


U, =U, exp E : | 


’ 
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where Ug is the present voltage on capacitance C, (or Cy). 

If the voltages are close in value, under the condition Ugiga < Ue, it 
may be asserted that, depending on the average frequency of the fadings, 
the section from 0 to ty on the graph in Figure 3, determines the selection 
of the time constant for the discharge. Let us assume that the residual 
voltage at moment t; is note more than 0.1 Uj,. Then 


: 1 
= — —_ = —., (19) 
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From (18), for this case, we 
shall obtain 


t, > 2.3 tdisch (20) 


In comparing (19) and (20) and 
solving with respect to the discharge 
constant, we shall obtain 

BS 1 
‘dischS “9 oF,” (21) 

Thus, the last two conditions 
(16) and (21) for the optimum sche- 
Figure 3 matic realization of the ''assessor" 


are contradictory. In combining (16) 
and (21), we obtain 


1 


n 
9.9F, 7 “disch> +85 -- (22) 


By eliminating the discharge constant from the last equation, it is 
possible to obtain the criterion for an effective realization of separate FT 
signal reception on a given radio-communication line, or the condition, 
when the fadings of the signal may be considered "slow", 


le 
F, < 0,023 —. (23) 


By making use of the data brought forward by E.L. Cherenkov in 
[9] for various types of terminal telegraph apparatus, and assuming that 
on the average n = 4, we can calculate the maximum admissible average 
fading frequency according to Equation (23) (Table 1). 


Table 1 


Type of Multiplex 


ST-35 
apparatus type apparatus 
Fm, cycles PA} 615) DOD AN 
F3, cycles 0.135} 0.127 


Let us compare the obtained results with those of the average fading 
frequency for radio links of var- 
ious spread (length), obtained by 

Table 2 N.N. Shumskaya [10] (Table 2). 


The results presented inthe 
Length of radio 
link, kilometers 


above tables give the possibility 
F3, cycles 


of affirming that criteria (23) can 
be practically realized for all cur- 
rently used terminal telegraph 
apparatuses and radio links. 

A comparison of theoretical 


0.047 0.08 o.108 


and experimental [1] data shows that, in the case when the considered 
conditions for the application of the separate FT signal reception method 
are the most favorable, the noise immunity of the real scheme is only 
slightly inferior to the potential one. 


CONCLUSION 


The application of the separate FT signal reception method on the 
condition that the separation between the signal frequencies is not less 
than 500 cycles, instead of the methods usually used, makes it possible to 
considerably increase noise immunity of main radio-communication lines 
and to achieve results similar to those of duplex reception. In this case, 
the required apparatus and facilities appear less complex and less expen- 
sive than in duplex reception. 
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CALCULATION OF THE NUMBER 


OF MULTICHANNEL SYSTEMS 
WITH INTERVAL PULSE-TIME MODULATION 


B.R. Levin and V.S. Rozanov 


Simpler and mathematically more rigorous than that presented in 
[1], a method for calculating the number of channels in multichannel 
systems with interval pulse-time modulation (IPTM) is presented. Data 
on the number of channels in a Laplace type distribution are brought for- 
ward, supplementing earlier presented calculations on the efficiency of 
IPTM with assumed normal distribution of speech signals. 


In selecting the modulation method for many existing multichannel 
communication systems, the statistical characteristics of the traffic 
source are either disregarded entirely or only partially taken into account. 
It is obvious that effective matching of the traffic source with the communi- 
cation channels is possible only when the statistical structure of the source 
is taken into consideration; the latter constitutes the reserve which offers 
the possibility of substantially increasing the traffic-carrying capacity of 
multichannel systems. The statistical structure of a source is character- 
ized, first, by the distribution functions of the instantaneous values of the 
transmitted message, and secondly, by the activity of the source, i.e., a 
priori probability of the fact that the source, which is assumed to be in 
operation, is actually transmitting the message. 

One of the signal-transmitting methods, which permits the utilization 
of the statistical structure of the source in the case of time division of 
channels, is IPTM. 

Systems utilizing IPTM can be classified according to two features: 
1) according to the way the signal values are transmitted and 2) according 
to the manner the number of channels is indicated. 

In view of the fact that in IPTM systems the pulse deviation is always 
non-negative, it is necessary to convert, as a rule, the bipolar signal into 
’ a monopolar one preserving the information in the sign of the transmitted _ 
value. Such a conversion can be carried out, at least, by three methods: 
a) the duration of the interval between the channel pulses is modulated by 
the absolute value of the signal in the given channel, and the signis indicated by 
the presence or absence of the supplementary pulse or b) the durationof the 
interval between the pulse channels is proportional to the sum total of the instan- 
taneous and peak (with certain probability) value of the signal in the given chan- 
nelor c) the duration of the information interval is proportional to the sum 
total of the instantaneous values of the signal and its envelope. 


To indicate the channel number, a simple metering arrangement, 
where in each cadence interval the complete number of pulses of all chan- 
nels is always present (including "quiescent'' ones), can be utilized. Spe- 
cial coding of the active channel number by a uniform or nonuniform code 
(binary or multiplex) can also be applied. 

A theoretical study of the effectiveness of IPTM and a comparison of 
various methods for the realization of IPTM was presented in [1]. This 
work shows a method for determining the possible number of channels in 
an IPTM system, which lead to the approximate solution of a certain trans- 
cendental equation. 

However, a more strict approach (in the mathematical sense) to soly- 
ing the problem of determining the number of channels in a multichannel 
IPTM system can be worked out. Such an approach would also simplify the 
final design calculations. Let us consider an N-channel system with time 
division of channels. Leté jo be the freak process, which sets forth the 
modulation law in each individual channel. We shall take into consideration 
the activity of the channel by multiplying &j(t) by random value nj, which 
adopts the value of a unit with probability p (when the channel is active) 
and the value of zero with probability q (when the channel is inactive). The 
modulating function for the N-channel system can then be presented in the 
form of 


N N 
<4N)=LYO=TL/B (4 1) 


j=! j=! 


where f is a functional conversion connected with the selected IPTM variety 
with respect to the coding principle of the voltage sign [1]. During abso- 
lute transmission of the signal value (and coding of the sign by a supple- 
mentary pulse f(£) = |&|, and when the instantaneous values of the signal 
and its envelope are added f[é (t)] = &(t) +E(t), where E(t) = vE 2(t) + 2 (t) 
and 7(t) is a process, conjugated with &(t) according to Hilbert. 

Further, it is suggested that, the call sources be independent and 
that only unidimensional statistics be employed, that is, one-dimensional 
distribution functions we (x) of the random processes £j(t). It is obvious 
that, the utilization of multidimensional distributions &;(t) offers additional 
possibilities of increasing the speed of transmission. oreover, it is 
assumed that the activity and unidimensional distribution functions of the 
processes &(t) are independent of time and are the same for all channels. 

Let us determine the integral distribution function P{1; ~— x} a com- 
ponent of the modulating function ¢j(t). By making use of the full proba- 
bility formula, we shall obtain 


PU <x} = PSE) YW < x} =PLS RW < x =0} + 
+ PL SE) <4 Y= N= P(0 < x/4, = 0) P(4, =0) + 
+ Pi f(&) < 4/4, =1} Ply =1), 


or 
Pty< yarn eee (2) 
pF, (x), SW) 
where 
Fy (x) = [ w, (x) dx (3) 
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and w4(x) is the probability density f(£j). 
a From (2) we find the probability density w(x) of the random function 
S(t 
=a) 
W (x) = pw, (x) + 93 (x). (4) 


By denoting the characteristic functions f[é j(t)] and €j(t) with 6; (w) 
and $;(w), we find, also from (4) 


3; (@) = p8, @) + ¢. (5) 


Since the call sources are independent, the characteristic function 
8(w) of the modulating function €(t, N) equals the product of the charac- 
teristic functions of its components Cj(), i.e., 


6 (w) =[6, @)]” =[p0, (w) +9)”. (6) 
Expressing the moment mx of the random value is the derivative of 
corresponding order of the characteristic function at zero 


m, = (— i)' 6 (0), 


it is easy to find the averages and variance of the modulating function: 


m, {5 (t, N)} = Npa, (7) 
M, {7 (t, N)} = Np (<? + qa’), (8) 


where a and o” are the average and the variance of the random quantity 
£[éj(t)]. 

: When N is large, then, on the strength of the central limit theorem 
of probability theory, it is possible to assume that the distribution €(t, N) 
is normal with parameters defined by Equations (7) and (8). 

The total time T, held by a multichannel signal in one cadence inter- 
val, consists of the time held by the code combinations and marking pulse, 
as well as the total information time equal to 6(t, N). As demonstrated in 
[1], the quantity T is limited at the bottom by the value ty), the minimum 
duration value of the coding combinations of all channels and marking pulse 
and it should not exceed the duration of the cadence period Tp with a proba- 
bility approaching one since otherwise inadmissible distortions will make 
their appearance. Quantity 1-p»,, called overload probability, is one of the 
basic indices of aIPTM system. The selection of such a system deter- 
mines the possible number of simultaneously transmitted messages in a 
multichannel system. 

If N > 1, quantity T is distributed normally and 


} Sah I Gy UB 9 
Pile <7 <7) =F( : A )=Pe (9) 
; ; V Mp {7} V Mo{T) 


where 


V 2n 


F (x)= —— \ ey ae. 


Quantities m,{7} and M,{7}, included in (9), are determined by (7) 
and (8) from the following expressions (see also [1]): 
m,{T}=2(N + 1)t + Np, M,{T} = Np (2? + 9@’), (10) 


tp =2(N + 1)t, 


itt 


when the channel number is coded with a binary code 


m, {T} = 2: + (a + Bt) Np, M,{T} = Np (2? + 9a”), (11) 
to = ie 


Where Br is the duration of code combination of pulses per channel, 
27 is the total pulse duration and the spacing following after it. It is as—- 
sumed that the marking pulse is not double, as in ordinary PPM (pulse- 
position modulations), but single. 

For the sake of accuracy, sufficient for parcticai calculations, the 
second added in (9) can be omitted [1], and then this equation can be 
rendered in the form 


F (a2) = Po, (12) 
where 
a See (13) 
V M2{7) 
or 
a, V Np (o? + ga®) = T) —2(N + 1)t— aNp (14) 


when the channel number is coded by simple metering, and 
ay V Np (22 + ga?) = T, — 2: — (B= + a) Np (15) 
when the channel number is coded with a binary code. 

Solving the overload probability, we find a2 from (12), and then, by 
solving the quadratic equation (14) or (15), we determine the number of 
channels in a multichannel IPTM system. 

If the random process & j(d), which modulates the signal in one chan- 
nel, has a zero average and its unidimensional distribution depends on 
one parameter, then the quantities a and o are proportional to the RMS 
value of o¢ of this process, whereby the factor of proportionality depends 
on we (xX) as well as on the form of the functional conversion f[11. In this 
case, in order to make a comparison with a ordinary PPM system, and 
retaining the same noiseproof feature, it is necessary to substitute the 


constant o¢ in equation (14) or (15) with the quantity aching thn Sa 
2a4 No Spal 
Here, Nyis the number of channels ina system with PPM and a, is the peak fac- 
tor of the signal in the channel of this system, determined by the relation 
P {fb (| < a9.) = pr. (16) 


Let us make use of the obtained equations and calculate the number 
of channels in a multichannel system with IPTM, when the activity of the 
channel p = 0.25, and the distribution in the channel is either normal 


Ww: oi 


or Laplace type! 


‘According to certain data (see, for example, [2, 3]) the Laplace 
type distribution is closer to the true distribution of thé voice signal. How- 
ever, the first as well as the second distribution is only an approximation, 
which permits the obtaining of a quantitative evaluation of the investigated 
parameters of the system. 
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Following are other initial data of this calculation: To = 125 micro- 
seconds, T = 0.5 microseconds, p; = 0.9999, Po = 0.9956, and the noise 
immunity feature is the same as in a 24-channel system with PPM, The 
results of the calculations are shown in a table, which contains also data 
on the number of channels obtained in [1] on the assumption of normal 
distribution, and remaining initial data, which coincide with those indicated 
in this work. 


Table 1 
Comparison of the Number of Channels N in Various Systems 


Distribution 
according to 
Laplace 


Normal 


Form of IPTM system Dietvibucon 


Uniform binary code: supplemen- 
tary pulse; 

Uniform binary code: combined 
with envelope 

Nonuniform binary code: supple- 
mentary pulse; 


Nonuniform binary code: combined 
with envelope; 

Simple metering: supplementary 
pulse; 

Simple metering: combined with 
envelope; 


As seen in Table 1, as for example in the normal distribution of the 
signal, the improvement in accuracy in the calculation of channels accord- 
ing to the method proposed in this work over the method proposed in [1] is 
insignificant. However, the relationships presented here are simpler for 
practical purposes, although they have been obtained through a more strict 
approach to the problem of channel number in a multichannel system with 
IPTM. 

Worthy of note is the fact that the Laplace type distribution of the out- 
going signal is more favorable than the normal one. 
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SOME SYNCHRONIZATION SYSTEMS 
FOR SYNCHRONOUS DIRECT 


AMPLIFICATION RECEIVERS 


Yu. F. Korobov 


Two systems for automatic phase control of the frequency of syn- 
chronous direct amplification receivers are described. The first system 
carries out the automatic control by means of carrier and side signal com- 
ponents, while the second makes use of the carrier only. Both systems 
are suitable for superheterodyne and synchronous receivers as well as for 
those using a single sideband. 


INTRODUCTION 


As is known, one of the essential advantages of synchronous detection 
is the possibility of increasing the selectivity of the receiver by means of 
a low-frequency filter connected to the output of a synchronous detector. 
This circumstance offers primarily the possibility of designing synchronous 
receivers with high selectivity features in a direct amplification circuit, 
which gives a number of advantages as compared with superheterodyne re- 
ceivers. In this sense, the absence of additional receiving channels, pres- 
ent in superheterodyne receivers, should be noted first. Similarly, the 
possibility of using transistors (insofar as the basic amplification is carried 
out in the low-frequency channel) and of simplifying the passband control 
system, 

To provide the possibility of practical application of synchronous 
straight amplification receivers, it is necessary first of all, to design 
frequency converters with high linearity characteristics (since, due to 
the nonlinear properties of converter tubes, used as synchronous detector 
partial passage of low-frequency interferences into the channel is possible) 
and to develop a synchronization system which would permit the carrying out 
of a reliable automatic phase frequency control system (APFC) for syn- 
chronous heterodynes. 

Presently, we have information [1, 2] concerning the application to 
frequency-converter radio frequencies of an operating principle based on 
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the Hall effect. It is known that such converters have a very high linear 
characteristic [3] and consequently, their application will permit the 
elimination of the indicated deficiency, which results from the application 
of converter tubes. The present article is concerned with solving the sec- 
ond problem, namely, with analyzing the operation of APFC systems and 
synchronous straight amplification systems. 

In a APFC system, the carrier and the symmetrical side components 
of the receiving station can be used as the synchronizing signal. The known 
APFC diagram of a synchronous direct amplification receiver [4], which 
the side components only for synchronization purposes, is the most con- 
venient for receiving signals without the carrier. In the presence of the 
carrier, the latter is not being used; this constitutes an essential drawback, 
since the basic power of the AM signal is derived from the carrier. More- 
over during the interval when the side component is absent, the synchroni- 
zing signal disappears. During longer intervals, this may bring about a 
frequency departure from the heterodyne, and as a result, the emergence 
of distortions during the recovery of the synchronization upon the appear- 
ance of the signal. It is true that this deficiency can be eliminated by 
means of some synchronizing signal transmitted during the intervals. It 
is obvious that a carrier or its residue can be used most conveniently for 
the purpose of providing such a signal. In this way, to achieve reliable 
operation of the synchronization system in the case of AM signal reception, 
it is necessary that this system permits the utilization of the signal carrier. 
Following is a description of two APFC systems, whereby the first uses, 
as synchronizing signal, the carrier and symmetrical side components of 
the receiving station (system A), while the second uses only the carrier 
[5] (system B). 


SYSTEM A 


Let us consider the operating principle of the diagram (Figure 1). 
The signals of the receiving station are admitted to the frequency conver- 
ters Con; and Cong: 


Us, = Us (t) cos (at + 9s) (1) 
Uso = Us (t) sin (wast + ¢s) 


and the heterodyne voltage, which after AM balance modulation represents 
an oscillation without carrier 


uy,= U,,cos 2,4 cos (af + es (2) 


where 2} is the frequency of the modulating voltage, supplied from the low- 
frequency oscillator 

If we assume that, the converter characteristics are linear with re- 
spect to the voltage signal, and the steepness of the characteristics varies 
according to the voltage-variation law of the heterodyne and Ug(t) = Ups [Lila 
+ Img con (Qgt + ¢g)], then, the low-frequency components of the conver- 
ter plate currents can be expressed in the following form: 


: 1 , 
io = Soxfos| cos Qt + = 3 m,cos (2.,¢ + 15)| cos | ‘ 
1 . ; 
ig = Sofos| 0s Qt + = >) m, cos (Q¢ + 95)| sin 0 | 
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where Sgon is the steepness of the converter, Qsh = 2g + 2p, A = (wh - 
- We) t + Ph - Qg- 

Low-frequency filters, which pass frequency} but have a AQ band, 
are connected to the output of the converters. If we assume that, the chan- 
nels are identical then the low-frequency amplifier outgoing voltages will 
be equal to 


(4) 


u, = Ku, cos 6 
u, = Ku, sin 6 }. 


where K is the amplification factor of the converter and low-frequency 
amplifier 


1 ' ; 
ug = Us [cos Qe =f 2 >3 m,COS (Q3,¢ + $,)]- 


The voltages u, and u, proceed further to the phase detector, which 
in its simplest form represents a comparator, in which these voltages are 
rectified and then compared. The difference of the rectified voltages, 
after the constant component is isolated by the low-frequency filter, fur- 
nishes the required control voltage 


Uc= KU, (\cos 6) ~ |sin 6)), 


where Up is the constant component, developed as a result of the rectified 
voltage ug (4). 


By transforming cos @ and sin @ to a Fourier series and omitting the 
smaller quantities, we obtain 
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8 
Uns oe U, cos 26. 
3n 


The expression for control voltage is consistent with analogous ex- 
pressions applied in APFC systems. An exception is the frequency of the 
Ue variation, which is equal to the doubled difference of the frequencies 
®h — Ws. This relationship of ug = {(@) produces certain peculiarities 
not found in other known systems. Table 1 presents the basic APFC 
parameters for ue=cos @ and ue=cos 2 6. 


Table 1 
Ue = cos 6 Uc = cos 26 
Aw; / TN 
8st arc cos ( —_ 4 am arc cos | — oi ) 
Awe 2 Awe, 


1 1 


V (Ame)? + (Aw ;)? 2V (swe)? + (Aoi)? 


t —————— RC z ae RC 
t — —arct A G = aa 
4 | 2 zi Vv ac V Awe ( 2 arc te V peng ise WV: Awe 


In these expressions Ost is the steady-state magnitude of 6; Aw; = 
= Wh - Wg is the initial separation, Aw is the control holding band; 7 is 
the time constant for establishing synchronization conditions; Tey is the 
critical delay time for the synchronization channel, excluding the low- 
frequency filter, where the latter is a single mesh RC filter. In develop- 
ing the formulas pertaining to system A, the analytical method outlined in 
[6] was employed. 

The filter pass band AF = AQ/2z7 is set on the basis of the signal 
components used for automatic frequency control purposes. In utilizing 
the carrier and side components, it is desirable that the spectral region 
of the audio frequencies which possesses the highest level gets into the 
low-frequency filter band. An analysis of the frequency dependence of the 
spectral level of voice and musical instruments indicates that the highest 
levels correspond to frequencies ranging from 200 to 500 cycles [7]. If 
we take into account the fact that the converted carrier should also be in the 
AF band, then from the viewpoint of the highest signal-to-noise ratio, AF 
should be selected approximately equal to 500 cycles. Figures 2a and b 
show the low-frequency filter characteristic and the regions of the audio 
frequencies of the signal, which moved into the AF band after conversion. 
In the case when only the carrier is used, AF should be reduced by several 
tens of cycles (Figure 2b). 

The frequency of the low-frequency oscillator is selected according 
to the following considerations. In order to reduce the probability of inter- 
ference from an adjacent station, frequency 2h should be reduced. However, 
in order to better suppress the variable component of the control voltages 
in the filter connected to the output of the comparator, frequency 2) must 
be increased. A compromising solution could be the selection of quantity 


uy 


Fy =2},/27 of the order of one kilocycle. 

Let us briefly consider the behavior of an APFC system in the pres- 
ence of selective fadings. In the simplest case, when the modulation is 
carried out by means of a single tone, the arriving signal may be presented 
in the form of 


u, = U_ cos (st + ¢,\,+ Ug cos [(o, + 2.) t + %,] + Ua2cos [(s — 
—Q)t+ yl =U, cos(ot + 2) + 2U4, cas (Qf + Y.) cos (wt + 9) + 
+ U,, cos[(w,— 2.) t + Zol 

where Ug; and Ud, are the amplitudes of the smaller and larger side com- 
ponents respectively: 

Ua, = Uso — Usy ¥s= 241 — Fa = Fa UD PA | (Par + Miah 

The expressions for the output voltages of the low-frequency ampli- 
Tien. 
i [Yaeos Qt cos 4,,;+ Uy, cos (Qt + dy) cos 6g + 


1 v 
~ = Ug cos (2,4 + oy )] 
u, = K [Ua¢08 Qesin 4+ Uj, cos(Q.t + $,,) sin 8g + 


1 5 ” 
+ = Uy, sin (2,¢ + by) |: 
where 


Vera (o,— w.) ¢ a shee Foarld = (@,— @,) ¢ TT ¥n— Fae 
Assuming, for the sake of simplicity, the comparator load as iner- 
tial for frequency Qs, -Qh, it is easy to show that, the control voltage is 
approximately 
8K a 
4.5 ale U? + U3, + 2U_Ugi cos be cos 2 (By + 48), 


car 


where 
Ucar sin Ap 
Ao =9.— 94, 49 =arctg ——“ FF _, 
?= Year Ya gy cos Ag + Ugy 
car 
a) From the latter expression it 


by the smallest side components. Under 
conditions established for accurate tuning 
and in the presence of phase asymmetry 
of the side components, which is char- 
acterized by angle Ag, the phase angle 
of the heterodyne voltage occupies an 
intermediate position between the car- 
rier phase and that phase with respect 
to which the side components are asym- 
metrical. In this way, in a given APFC 
system, the heterodyne automatic fre- 


| 
A appears that the operation of the system 
far is determined by the carrier level and 
FE. 
\ 
1 
| 
\ 
' 
' 


0 quency control is accomplished either 
f F by means of the carrier or side com- 
ponents of the received signal, the 
Figure 2 automatic control augments the 
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synchronization stability in case of selective fading. 

An experimental examination of a test model, assembled according 
to the block diagram in Figure 1, shows that it is in principle feasible to 
make use of the above synchronization system; however, synchronization 
based only on side components appeared inadequate, since the synchroniz- 
ing signal disappears during the intervals. 


SYSTEM B 


In utilizing only the carrier of the receiving station as a synchroniz- 
ing signal, the design of an APFC system of a direct amplification receiver 
can also be based on the principle of balance modulation of the synchronous 
voltage generated by the control oscillator. This makes the separation of 
the carrier by means of low-frequency filters relatively simple. The use 
of known APFC circuits for superheterodyne receivers is in this case 
rendered difficult, since the oscillation required for synchronous detection, 
which in frequency conforms to the carrier of the receiving signal, is ab- 
sent in such circuits. Obviously, it can be obtained only as a result of 
reversed conversion of the frequency, in which the oscillations of the con- 
trol and reference oscillators take part. This calls for an additional con- 
verter with post filtering of the synchronous voltage, substantially compli- 
cating the APFC system. 

A block diagram of the synchronization system in question is shown 
in Figure 3. The latter differs from that of system A in that only a single 
low-frequency amplification channelis used, in which the converted signal 
carrier is separated. 

If the voltages of the signal ug and the heterodyne uy, expressed by 
formula (1) and (2) are applied to converter, the low-frequency compon- 
ents of the converter plate current are determined by expression (3). The 
separation of the converted carrier is accomplished by a filter with a band 
of several tens of cycles tuned to frequency 2h. Besides, the effect of the 
components and frequencies gh, which enter the passband of the filter, 
may be omitted and the voltage at the low-frequency amplifier output can 
be rendered in the form 


Uy = KUp; cos 8 cos QF. (5) 


The synchronizing signal ug and the reference voltage from the low- 
frequency oscillator ugg = Uj, cos &pt are applied to the phase detector. 
The use of oscillations of two frequencies as oscillator voltage (2) stipu- 
lates a certain peculiarity of the synchronizing signal (5), which consists 
in that, if wy = wg, i.e., 9 = const, this signal represents one oscil- 
lation of frequency Qh, then at wh = wg + Aw, there occurs two oscilla- 
tions with frequencies 2) + Aw and 2, - Aw. This is why we shall con- 
sider somewhat more thoroughly the operation of the phase detector. If 
we make use of a balancing voltage network (Figure 3), the voltages ap- 
plied to points ac and be will be, resepectively, 


Us = Ugo + Ug = U,(1 + cos 8) cos Sf, 
Ugy = Upg — Ug = U,,(1 — ncos 6) cos SF, 


where n = KUjg/Up.- 
For normal operation of the phase detector the load resistance of 


each diode should be very low for currents of frequency & and high for 
frequency d@/dt. Moreover, the inequality n < 1 must be observed. Under 
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these conditions, the voltages on both 
half loads can be approximately ex- 
pressed by the following equations: 


Uy o* K,U,(1 —ncos 0), 


where kK; and Ky are transmission 
factors of the detectors. 

If Ky = Ky, then the output volt- 
age of the phase detector, i.e., the 
control voltage of the APFC system, 
will take the following form: 


Ug = Uy y— Uy = 2 Ky KU 4s COs 6. 


Thus, the indicated peculiarity of the synchronizing signal does not 
introduce any significant change in the function ug = f (@), and consequently, 
this system permits the synchronization of the reference oscillator. 

In order to achieve satisfactory suppression of frequency 2p, the 
low-frequency filter, connected to the phase detector output, should be 
designed for Fy = 2y/27 = 1000 cycles. At this value of intermediate 
frequency Fy}, naturally, the possibility of suppressing the symmetric 
channels (wp + 22h and wh - 2Qp) is excluded, but insofar as the sym- 
metrical channels are distributed in the spectrum of the useful signal, the 
probability of intense interferences is substantially diminished. It is easy 
to demonstrate that, on account of the symmetrical channels, the noise 
band exceeds by about a factor of 1.5 the equivalent low-frequency filter 
band with respect to the noises at the converter input. An experimental 
examination of a test model of the described system has confirmed the 
theoretical deductions and has shown that it is easy to obtain a synchroniza- 
tion channel band of the order of 40 to 50 cycles by means of only one RC 
balance filter at F, = 1000 cycles. 

The described synchronization systems are most suitable for syn- 
chronous direct amplification receivers, operating in the short-wave range 
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with continuous tuning. In principle they can also be used in superhete- 
rodyne receivers, synchronous as well as with one side band, if for eco- 
nomical reasons it is undesirable to use quartz filters for the narrowband 
separation of the signal carrier. A more detailed study of the noise im- 
munity features of the above synchronization systems can not be undertaken 
See the framework of this article and is subject to a separate investiga- 
ion. 

In conclusion the author expresses his gratitude to Lecturer G.K. 


Serapin for a number of suggestions made during the review of the manu- 
script. 
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RADIATION PATTERN OF A PERISCOPIC 
SYSTEM WITH ELLIPSOIDAL RADIATOR 


A.M. Pokras and B.E. Kinber 


Radiation patterns of a periscopic antenna with ellipsoidal radiator 
with circular and rhombiform reflectors have been calculated according to 
Kirchhoff's approximation. The calculations have been carried out for E 
and H'planes taking into account the radiator polarization. 


The theoretical works on periscopic antenna systems published until 
now, were concerned primarily with their power properties {1—5 |) she 
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data on radiation properties contained in [5-6] are incomplete and 
pertain basically to systems with parabolic radiators. 

The present work is devoted to the study of the dependence of the 
radiation pattern of a system with ellipsoidal radiator on the distribution 
of the radiator field, the relationship between the dimensions of the system 
elements and the form of the surface and contour of the radiator. 

The first part of the work produces calculations of the main lobe 
pattern; the second part concerns distant-fringe radiation. The main lobe 
is calculated by means of integration of the aperture. The fringe radiation 
is calculated by means of integration of the radiator surface taking into 
account the polarization. The fringe effects, which affect the pattern rel- 
atively little and do not interfere with the character of the fringe radiation, 
have not been taken into consideration. Insofar as the calculations do not 
take into account the effects of the support structure, reflections from 
local objects, etc., the obtained results determine the levels of the dis- 
tant fringe radiation of the isolated periscope antenna. Therefore, the 
calculated data characterize the limit levels of fringe radiation, provided 
measures are taken to eliminate or reduce the deterimental effects of the 
support and local objects. 


MAIN LOBE PATTERNS 


According to [4], the radiation pattern F(9, @) for a system with 
plane reflector, when the field is distributed in the plane of the output 
aperture of the radiator, defined by function F)(x, y), has the form 

ik 
ik (z,u+y,v) et (24 w te ) 


F(y,6) = | e dz, dy, X 


sy 


aed ~ (xarityu) 
x \ € Fy (Xp; Vo) Xo Fo. (1) 


So 


where u = sin @ cos 6; v = sin 9; k = 27 /A; d is the distance between the 
radiator and reflector. 
The coordinate system, in which the angles @ and @ of the observation 
point and the coordinates x, y, z of the point of integration by the radiator 
and reflector apertures, are shown in 
Figure 1. Indices 0 and 1 pertain to 
the apertures of the radiator and re- 
flector Sy and S; are the surfaces of the 
radiator and reflector apertures. 

In the case of a system with para- 
bolic reflector the wave in the plane 
output aperture of the reflector is not 
spherical but plane. The expression 
for the pattern of this system can be 
obtained, if we assume that the factor 
exp[k/2d(z} + y4)] is equal to unity. 

Of greatest interest are systems 
with reflectors, whose projections on 
the plane, perpendicular to the pattern 

. peak, prove to be a square, rhomb or 
circle. For the sake of brevity, we 
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shall refer in the future simply to square, rhombic or circular apertures. 

For systems with square apertures the field distribution in the out- 
put aperture can be approximately presented in the form of a product of 
functions of the variables z , and y,. In this case, the radiation pattern is 
expressed as the product of two terms 


F (nm, ng) = g (7) & (M2), (2) 
where n, = kau; n, = kav; a is the size of the radiator aperture. 


At ¢; 9 < 1 the pattern constitutes a product of patterns in two prin- 
cipal planes expressed as function of the angles 6 and 9 


F= g(¢) g (8). 


Radiation patterns of systems with rhombic apertures can be obtained 
from patterns of systems with square apertures. 

Indeed, if the distribution of the amplitudes for square and rhombic 
apertures conform with one another except that one is rotated away from 
the other by an angle of 45° (around an axis normal to the aperture), then 
the patterns are also rotated with respect to that normal by 45°. There- 
fore, the expression for a pattern of a system with a rhombic aperture has 
the following form: 


fee et Ne (Epos) (3) 


a> V2 


Finally, in the case of a circular aperture and axially symmetric 
field distribution, the pattern is expressed as follows: 


F(V 9+ @ ey fr, ()Jo(tr V @ + ¢ ) rr. (4) 


The factor g for the main lobe pattern in the case of systems with 
ellipsoidal radiator and plane reflector was calculated according to a for- 
mula resulting from (1), 


qo yy ae rea (au 


g(n)=Nle me beers wai diac) x 
FO ways) 


In the case of a parabolic reflector 


an ig Se sal eee ae , 2 
a / ab Dall xO 
cane a(ay Pes *[—a(sl]e(2) © 
-1 ; -1 
where X) = kab/d; 2a and 2b are the sizes of the reflector and radiator 
apertures; m = 8a7/)d. 

The computations for Equations (5) and (6) were performed on an 
electronic computer for the following cases: uniform distribution in the 
radiator aperture (ky = 0), a drop to the edges of the aperture by 10 deci- 
bels (kp = 0.68), and a drop to zero (kp = 1)... n = 0 to 10, An=074 for all 


patterns. ; 
The calculation results for patterns in systems with plane reflectors 
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are presented in Figure 2, and for systems with parabolic radiators in 
Figure 3. oe 

In the case of small Xp and small quadratic errors (small values of 
m = 8a”/Ad), the form of the pattern depends little on Xp and has an ordi- 
nary form, regardless of the form of distribution of the radiator. As m 
increases, the main lobe expands and merges with the first side lobes. At 
high Xp) and m values, two factors make their appearance. On the one 
hand, at X) > 1 the pattern tends to approach the distribution form in the 
radiator aperture, since the field distribution in the radiator aperture and 
the pattern are connected by a double Fourier transformation. On the 
other hand, the nonlinearity of the phase, due to the plane reflector blurs 
the picture. At high Xp values, which corresponds to a short distance be- 
tween the radiator and reflector, and in the case of dropping distributions 
of the radiator, the amplitude of the field at the edges of the reflector is 
small and the nonlinearity of the phase proves to be insignificant. Conse- 
quently, the pattern approaches in form the distribution at the aperture of 
the radiator, and a significant distinction between the distribution at the 
aperture of the radiator and the pattern can show itself only at very high 
m value. 

In the cases of uniform distribution at the aperture of the radiator, 
the nonlinearity of the phase is naturally sharper. 

Patterns for circular apertures were calculated in [5] and are not, 
therefore, produced in this work. 
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DISTANT-FRINGE RADIATION 


In calculating distant-fringe radiation it is necessary to integrate 
directly at the surface of the reflector and the vector character of the 
currents must not be disregarded. Since the direction of the currents in 
the reflector is practically unchangeable, pattern F can be presented in 
the form of a product of pattern F resulting from the scalar distribution 
of the currents and the polarized multiplier II 


F=FIi. (7) 


The pattern following the scalar distribution on the reflector differs 
from the pattern, calculated according to the field in its output aperture, 
only in the arguments. This circumstance is connected with the following 
peculiarities of the periscopic system: 

- the surface of the reflector is either plane, or, in the case of a 
parabolic reflector, has a low slope; 

- the wave, reflected from the reflector, proves to be plane in the 
case of a parabolic reflector or nearly plane (in the case of a plane reflec- 
tor). 

Owing to the above properties, the rays from the reflector through 
its output aperture run parallel (or nearly parallel) and the wave amplitude 
does not vary along the rays. Consequently, the distribution of the amplitude 


25 


along the reflector surfaces and its output aperture are alike. 

The phase distribution differs by the linear component due to the 
slope of the reflector surface with respect to the surface of the aperture 
at 45°. 

In the case of a parabolic reflector they also differ by a small non- 
linear component (due to the slope of the reflector). However, this small 
nonlinear component can be disregarded, since to a first approximation, 
the level of the distant lobes of the pattern depends only on the amplitude 
of the field at the edge of the aperture. From the aforesaid it follows that: 

a) the reflector can be regarded as plane, and the contour of its 
output aperture constitutes a rectangular projection of the reflector on the 
aperture plane; 

b) the amplitudes at points of the aperture output and reflector, which 
lie on the same beam, are equal with respect to one another; 

c) the phase distribution on the reflector differs from that at the 
output aperture by the linear component. 

In this way, the amplitude distribution of the output aperture can be 
transformed into a distributiou on a plane reflector by means of rotations 
and uniform stretchings (affinely). In the case of affine transformations 
of the aperture, the pattern, like the functions u and v, is also transformed 
affinely [7], i.e., turns and stretches uniformly. The linear component 
of the phase shifts the pattern on plane u, v. 

_ In order to adapt the above equations (1)-(6) for patterns in the 
field of distant-fringe radiation, it is sufficient to replace the old argu- 
ments u and v with the new ones u3 and v3, connected with the former 
linearly. 

Insofar as the surface of the reflector can be obtained from the 
aperture surface: a) by stretching it V2 times along axis Y, b) by adding 
a linear phase, or c) by rotating it by 45° around the X-axis, the corre- 
sponding transformations u and v will be [7] 


i 1=V20 


aoa %=V2 (v— V2) (8) 


u,=4 y= V2 | o+ re ee 


— 


where 
u= cos 6sin 9; v=sin 6; w= cos 6 cos ¢. 


By substituting us and v3 in (1)-(6), we obtain a formula for calculat- 
ing the scalar factor for the distant-fringe radiation. 


Generally, it is not the side lobes proper which are of interest but 
their envelope. 


a) Square Apertures. In the case of an aperture distribution accord- 
ing to 


F(x, y)=cos Fe arc cos T) cos is arc cos T (9) 


the pattern constitutes a product of two factors 


F (my; 12) = g (1) g (ng) 


n, =kau, ng=kav (10) 
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— _Sin(n+a) sin (n — a) 
& (n) n+a 1 n—a ; (11) 


where 
a=arccos 7. 


In normalizing and transforming (11) for large values of n, we obtain 


a 


“Qnsina [( ne ae sin(n +) + (1 aa sin (a —a)] 


a ‘a sina \2)1/2 
zy cos?a aes i = 
ral er )"] sin (n — +), (12) 
where 

a 
Sia 

t=arc tg Me 
cosa 


The last factor (12) oscillates with unit amplitude, while the first 
diminishes uniformly with increase of n. It is obvious that, namely, the 
latter corresponds to envelope $(n) 


g (2) = —— [costa a (aes )']" ; (13) 


|alsina 


Insofar as the pattern is an even function of n, n in the denominator 
is taken according to the modulus. For n > 1, the second added in the 
brackets may be omitted. 

By substituting in (13) the quantities n; and ny with computation (8), 
we obtain the following expression for the lobe envelope: 


F Nie acosa \2 1 1 ; 
(%, ) Pins ) ka|sin@ + cos0cos¢—1| kacosésing ey) 


In the vertical plane the second factor of (10) is equal to unity and 


F (6, 0) mw TOOS 2 1 ; (15) 
sina ka[sin 8+ cos@—1] 


In the horizontal plane 


= {a cos a\2 1 1 
= aoe Se, 16 
FO.) ( sina ) ka[cosp—1] a|sing| Us) 
b) Circular Apertures. For systems with circular apertures we 
shall consider distribution 1 - k, (r/a) 2, which results in a drop to level 
1 - k, at the edge. The radiation pattern can be expressed in the form of 


[6] 


F (n)= — [uA A) + > eda], (17) 
i 


2 


where n = kaV w+ v?, and A, = Stim) Ao Stan) is the lambda function. 


In making use of the asymptotic expansion for A-function 
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A(nmay/ 2 cos (n — 135°); A(n) = 8 V2 =e sin (n — 135°) (18) 


z 


and proceeding according to the above indicated method, we shall obtain 
the following expression for the envelope 


F=f 2 : wall alia (19) 


ky 
—— 
2 


The transformation of the distribution for a circular aperture into 
distribution for a reflector surface with elliptical contour is similar to the 
one carried out for a system with square aperture and 


n=kaV w+ (0+ w—1)?=ka// (cos Osin ¢%)+sin 6+ (cos 8cos ¢— 1)”. (20) 


In the horizontal plane (@ = 0) nhor = 2ka sin 9/2, and in the vertical 
Nyer = ka[1- cos@ - sind]. 

c) Rhombic Apertures. A rhombic aperture can be obtained from a 
square one by rotation in the plane of the aperture by 45°. Correspond- 
ingly, the arguments in the expressions for the pattern (10) and envelopes 
(13) are determined as follows 

V2 V2 
2 


2 


n= ka (us — 3); Nz = ka (Ug + Vs). (21) 
Further transformations of the distribution for a rhombic aperture 
into the distribution for a reflector, similar to those performed for square 


and circular apertures, give the envelope of the side lobes. 


F(e Ne: ae Na V2 
: sina / ka[sin ¢ cos @— sin 8 —cos@ cos ¢+1] 
V2 


ka{sin ¢ cos 8 + sin8 +cos@cosg—1] — 


(22) 


In the horizontal plane 8 = 0 and 


Phos (° cos a ie V2 V2 (23) 


sina / ka[sing—cos¢ +1] ka[sing + cos¢—1] 


In the vertical plane 


r eee COS. a \ 2 1 24 
Fier= (ka)? \ saat) [sin @ + cos6—1)? ( ) 


The factors which make up the formula for envelope y of systems 
with square or circular apertures, are presented in Figure 4. They are 
given for various field distribution laws in the aperture. 

At kj < 0.7, i.e., in the case of distributions approaching uniformity, 
ay diminishes proportionally to 1/n. At ky > 0.7 the drop comes closer 
to 1/n*. 

The dependence of F(n) on angles @ and @ is of a more complex char- 
acter in view of the nonlinear connection of n with@ and @. Arguments of 
factors for systems with circular and square apertures are presented in 
Figure 5. 

In the horizontal plane (16), the envelope contains two factors, one 
of which decreases monotonically, while the other passes through a mini- 
mum at p= 90°. The quantity (cos@ - 1) sing (Figure 5) has anextremum 
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at p= 120°. At this point, the level of the envelope is equal to 4//3° 
(@ cos ein @) (1/ka) 2) 

In the horizontal nas the envelope argument of the side lobes for 
a system with circular apertures 
(Figure 5) changes uniformly. There- 
fore, as @ increase, at ? = 180° the 
envelope drops to 2 V2/7m 1/(2ka)*/2, 


Circular aperture 
=——-- Square aperture 


AA ae f- 
m/AmM 


In the vertical plane the dependence of the argument on single @ is 
the same as in the case of quadratic apertures. 

For systems with rhombic apertures, the expression for the lobe 
envelope in the horizontal plane consists of two factors (23). The graphs 
sin 9 - sin g + 1 and sing + cos@ - 1 are given in Figure 6. Insofar as 


Factor $ arguments for 
—(1§| Systems with rhombic 
apertures, 


= +90° either sing -cos@ +1 or sing +cos@ - 1 goes to zero, the 
peeps level in the sector butting against 90° rises. The second eethe 
in Figure 6 is also an argument of the envelope (24) in the vertical plane. 

To compare the side lobe levels of various systems, Figure (ose 
sents the envelopes of systems with circular, square and rhombic aper- 
tures in horizontal (in solid line) and vertical (in dotted line) planes. The 
e of a= 10A is taken as example. 

ay The polarization factor II of the pattern (17), which takes into account 
the directional properties of the current element, has two components: 


T= 7,0, + él, 
F, db T= (io 4) , (25) 


—— Horizontal plane ee (io i,) 
Aa ’ 


--~— Vertical plane 
where j is the unit vector of current; 


eT i, = —isin§cos¢ — jsin§sing + kcosé | 
FS Bola al 


ASAE 
CNC SEE 


For horizontal polarization 


Jo=t 


and 
ee wt (27) 
Il, =—cos¢ 
Figure 7 
For vertical polarization 
Te eee 15) 
y PETAL Je he 
and = 
I,=— V2 sinocos¢ Si V2 cos 
se (28) 
ie V2 sin 9 
© 2 


In the case of vertical polarization the pattern in the vertical plane 
contains only the 6-th component. The horizontal plane (@ = 0) contains 
6 as well as g components. When the radiation pattern of the system is 
at its peak (p = 0; = 0) the p component is zero and only one @ component 
is present. However, a cross-polarized component E, proportional to 
sin g, can be noticed even in the main lobe of the pattern, on its sides. 
At inaccurate setting of the reflector, that component may affect the value 
of the cross interferences. The horizontal g component E increases with 
the growth of g. At @= 90°, the vertical and horizontal radiation compo- 
nents become equal. The latter circumstance limits the extent of the de- 
coupling and protective function in the case of perpendicular polarizations. 
In accordance with experiment (8), in the case of periscopic antennas, the 
supplementary increase of the decoupling on account of two applied polari- 
zations constitutes 10 to 20 decibels instead of 40 to 50 decibels for other 
antenna types. From this follows that one of the factors which brings about 
a diminution of the polarized decoupling is the occurrence of large polarized 
components. 


In the case of horizontal polarization, the factor II is of basic 
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importance in angle sectors near 90°, where the factor approaches zero 
and reduces the distant-fringe radiation is reduced. Outside of the indi- 
cated sectors, this factor appears of little importance during the movement 
of the side lobe envelope. 
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REGENERATIVE LOW-NOISE 
SUPERHIGH-FREQUENCY AMPLIFIERS 


N.V. Aleksandrov, E.M. Gershenzon and V.S. Etkin 


A methodical generalization of calculations for the amplification 


factor, passband and noise factor of regenerative superhigh frequency 
amplifiers is presented. 


CERTAIN GENERAL PROPERTIES OF REGENERATIVE CIRCUITS 


The present trend in superhigh frequency technology is to use re- 


generative low-noise solid state amplifiers extensively: paramagnetic 
quantum-mechanical amplifiers, parametric nonlinear semiconductor 
diodes, parametric ferrite amplifers, and tunnel diode amplifiers. An 
amplifier making use of the negative effective carrier masses in semi- 
conductors is presented [1, 2, 3, 4]. 


Any element utilized for the purpose of creating a regenerative effect 


can be considered as an element possessing positive and negative resistances . 


oll 


In analyzing such an element, depending on its properties and the method 
of connection, we deal either with the impedance of the element, which is 
composed of the above-mentioned resistances, or with the admittance, 
which is determined by the sum total of conductances. We shall call, con- 
ditionally, the elements of the first type '' regenerative elements with nega- 
tive effective resistance’ (RE - R_), and the elements of the second type, 
"regenerative elements with effective n-type conductivity’ (RE - G_). The 
characteristics of both types of elements, depending on the control param- 
eter (feed signal for parametric and quantum-mechanic amplifiers, bias 
voltage for tunnel diode amplifiers or negative mass amplifiers) are shown 
in Figure 1b and c. 


tage R ) G c) 
Z= R+ jx control control 
= aram- t 
Y Ve 40 parameter 
Figure 1 


The moment the losses are compensated for in the element proper, 
the total impedance reverts to zero in the first case, and the total admit- 
tance goes to zero in the second. 

The loss compensation in the circuits, containing elements of both 
types indicated, can be presented as follows. In case of RE - R_, the 
current flowing through the element causes a voltage drop in the opposite 
direction of the current, i.e., a voltage increase in the current direction; 
in case of RE - G_, the applied voltage produces a current, opposite to 
the direction of the electrical field. 

Equivalent RE - R_ and RE - G~- circuits and their diagrams of con- 
nection for ''passage'' and "'reflection'' in resonator regenerative amplifiers 
(connected through a ferrite circulator) are shown in Figures 2 and 3. 

In Figure 2, a) is the equivalent circuit for active RE = R-; Re is 
the element loss resistance, Xe is the element reactance; R- is the nega- 
tive resistance , produced in the circuit by the element; b) is the equiva- 
lent circuit for ' passage'' of the regenerative resonator amplifier; c) is 
the circulator circuit; d) is the equivalent circuit for "reflection" of the 
regenerative resonator amplifier X = Xpjy + Xe, Re is the loss resistance 
in the amplifier circuit, Z) is the characteristic impedance of the feeding 
line. 

In Figure 3, a) is the equivalent circuit RE - G_; Ge is the element 
loss conductance, Be is the element susceptance, G is the n-type conduc- 
tance produced in the circuit by the element; b) is the equivalent circuit for 
"passage"' in the regenerative resonator amplifier; c) is the circulator 
circuit; d) is the equivalent circuit for "reflection" in the regenerative re- 
sonator amplifier. 

In measuring the control parameter in the series circuit, containing 
RE - R_, the negative resistance of the element first compensates for the 
resistance of the element proper, and then for the resistance of the entire 
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Figure 3 


circuit (generation threshold), when the impedance of the total circuit 
becomes zero. For a parallel circuit, containing RE - G_, the same 
applies to the conductance. 

In connection with this, the conditions for high amplification (near 
the self-excitation threshold) cannot be regarded as changing from one to 
another on conversion of one equivalent circuit to another according to the 
existing ''voltage-current', ''resistance-conductance" rules [5]. 


AMPLIFICATION FACTOR, NOISE FACTOR, AND BANDWIDTH 
OF A RESONATOR REGENERATIVE AMPLIFIER 


Let us develop the basic relationships for the amplification factor 
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and noise factor of resonator regenerative superhigh frequency amplifiers 
and consider them. 

The amplification factor of an amplifier set on "passage" is usually 
understood to mean the ratio of amplifer output power to that supplied by 
the signal source to the matched load. Together with the amplification 
factor the regeneration factor (n) is frequently used 


Re R, 1 
aa aad Ta oY 


where 
R=R.+R,+Rst+ Ry 
Ry is the resistance of the regenerative circuit 
Ree kK he (2) 


The power, supplied by the emf source to the matched load ( Fig- 
ure 2), may be expressed as follows: 


sierra ad oan (3) 
where E is the effective emf value, 
E2R 
Py out — haat (4) 
and 
K — Peout _ __4RsRL (5) 


Pemepe(Rrg Ra Pi 


In the case of an amplifier set on ''reflection', the amplification 
factor is understood to mean the ratio of the reflected wave power to that 
of the incident wave, i.e., the reflection factor. 


In this way, 
Pref 
K= (6) 
Pine 
since 
Ui Ut f 
Pinc= Fae Pref =a — , TO ref = Vine— Zoh, 
0 0 
life 2 
K=—et = |) — Sal (7) 
Vine Vine 


On taking into account the equivalent circuit (Figures 2, 3), we obtain 


K= | — Zot.” i.e., or KY 1 
4Zo It 
Nee ae 8) 
or 
4Z5 
K="RIoRIF 0 
where 
B 


R=2.+R, +Ro = RR 
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The passband of the amplifier is determined by the regenerated 
quality factor of the system: 


af = alle = oC (R = 10 ), (10) 


Q= BERR) 


For the product VKAf/f we obtain 
a) for the case when the amplifier is set on "passage" 


VR AL = RR C= 2V RR —o— = 
Qn Vic 
ae ey = VBR (11) 


where p = VL/C is the characteristic resistance of the circuit. 
At Ry Ry Ry =~ RL X 12R_ 


¥ KAL=R oC; (12) 
f 
b) for the case when the amplifier is set on "reflection" 
V¥ K+£= 22,0,C (13) 
J 
(since usually Z) > R, and consequently, R_ * Zp») or 
Wake Ope aC (14) 
i 
In order to obtain the expression for the noise factor we put down 
Fo Spout (15) 
KP in 


where Py oyt is the noise power at the amplifier output, Pnin is the noise 
power at the amplifier input, i.e., noise power supplied to the matched 
load by noise source with internal resistance R and temperature Ty (Ty) * 
290° K). 

In a regenerative amplifier all noise sources are equal, since all 
noise emf's work in one circuit. 

Noise emf's, working in the circuit, are the noise emf of the signal 
source 

Es =4 KT RAS, (16) 


emf of the thermal noise, produced in Rx, 


Enk =4KT,R,AS, (17) 
in Re 

Eioeel Klages (18) 
in Ry, 

Ent =4 KTR AS. (19) 


Moreover, depending on the nature of the regenerative element, the 
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amplifier may contain sources of nonthermal noises — shot effect in the 
diodes, in the body of the semiconductor, spontaneous radiation noise in 
the ferrites etc., which can be presented as sources of additional noise 
with resistance Re and temperature Tog, 


Eng =4KT RAS. (20) 


In considering the noises not correlated, we find for an amplifier 
set on ''passage"’, 


Prour = 4K af [gipeg + eee + RR t 
+ es Rok 
and 
Py in= KT Af 
and for Fnass we obtain 
fais + Re + Rte t Re ih 


Similarly, for an amplifier set on "reflection" 
BE}; =4KToZy Af, Enk=4KT,R, AS, 
Fig ART RAY, Eng =4KT,.R.AS, 
Uh ates Ets 


vA 4Zo 


Prin= 


and for the noise factor we obtain, correspondingly, 


R,T, R.T, R.T, 
F =) ke efe efcs 22 
re Rita RT RsTo we 


From Equations (21) and (22) it follows that, an amplifier set on 
"'reflection'' is characterized by a lower noise factor than an amplifier set 
on "'passage'’. It is obvious that, in order to obtain a minimum noise fac- 
tor, it is necessary that the amplifier be highly "mismatched" with respect 
to the signal generator: 


R, < Ieee Ry < Rs; RL< R. (23) 


Thus, if the amplifier is set on "passage", it should be strongly con- 
nected with the signal source (for example, the antenna) and have a weak 
link with the load. 

In order that the amplifier provides high amplification, it is necessary 
that 


R_=R. (24) 


A regenerative amplifier has a low noise factor, if the negative re- 
sistance compensates for the "losses"! primarily in the internal resistance 
of the signal generator. 

These requirements (23) are different from those set forth for ordi- 
nary circuits, in both the obtaining of "low-noise" conditions and high 
amplification (Rg ~ Ry). 

Among the merits of a circuit with a circulator, besides the lower 
noise factor, its great stability should be noted: the fluctuation of the re- 
sistance value of the signal source and load have little effect upon the 
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magnitude of the amplification factor. These fluctuations exert less in- 
fluence, the greater is the decoupling provided by the circulator. 

In parametric amplifiers the value of the noise factor is in both case 
somewhat higher, since in these amplifiers the noises are converted (the 
noises pass not only throughthe channel we, but also through the difference 
frequency channel wg = wy - wg, where Wy is the wobble frequency, wg is 
the signal frequency). _ 

The equations for amplifying the noise factor in the case of parallel 
circuits are analogous: 

4G;G 
Kass Go 


maere Ge Got G. + Gat:Gz; 


4y2 95 
rei hiG=Gre ce 
where G = Yp + Gy + Gg; 
G,T, GT, GLT Golk ‘ 
jae whe cle iF L i c! cg (26) 
Fass a GsT GsTo Go eeGloml 
Gali Gai, Gait 
F =] SERIE. ie GLC ae c cee 
a - GsTy (isT9 GsT 
The condition for high amplification 

GEG! (27) 


Conditions for ''low-noise'' 


(28) 


In this way, in order toensure a low noise factor, the regenerating 
-elements of superhigh frequency circuits must satisfy the following con- 
ditions: 
Ree hee 6 Oh > Ge, eo) 


i.e., the 'negative’’ losses brought in by the element should be consider- 
ably higher than the ''positive'' losses brought in by that element. 
The regenerating element, besides negative resistance, brings posi- 
_tive resistance into the circuit. Thus for each element there is a critical 
frequency, at which the brought in negative resistance is equal to the posi- 
‘tive resistance of the element. At this frequency the element compensates 
its own losses only 


R_=R.. 
In this way, the noise factor of the regenerative amplifier at f +fo, 
F +09 (30) 


At room temperature, the minimum noise factor can be expressed 
(for an amplifier set on reflection), thus 


Re 
jie ilo Z 
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On considering that the basic losses in the circuit are conditioned by 
Rey toen Ea ir Re/Z or, since in the case of high amplification of Z) = 
= R!- R, 


R 1 
et ——J ue — . 31 
Ena ee iieeia ae Fer a (31) 


Re 


ON THE BANDWIDTH OF REGENERATIVE AMPLIFIERS 


In the preceding chapter we noted that in a resonator regenerative 
amplifier the passband of the amplifier is determined by the quality factor 
of the circuit and regeneration range. It has also been shown that the pass- 
band diminishes inversely proportional to the square root of the amplifica- 
tion factor. The reduction of the passband is connected with the fact that, 

a single circuit, in which the diminution of the losses brings about a nar- 
rowing of the passband, was taken into consideration as an oscillating 
system of the amplifier. 

If the regenerating element had no reactance (conductance), the wide- 
band amplifier could be realized at the expense of the transmission line 
load (in the case of an amplifier set on reflection) by means of a negative 
resistance (conductance), close to the characteristic impedance (conduc- 
tance) of the line. 

In connection with the fact that, the regenerating element has a re- 
actance (for example, semiconductor diodes in parametric amplifiers and 
in tunnel diode amplifiers have constant components in the p-n junction 
capacitance), it is possible to substantially widen the passband. In [7] 
methods for compensating parasitic capacitances in parametric amplifiers 
by means of coupled circuits, etc., have been considered. 
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FREQUENCY-KEYED 
RESISTANCE-CAPACITANCE OSCILLATOR 


I.A. Livshits and L.N. Gertsiger 


A frequency-keying method for a RC-oscillator based on the utiliza- 
tion of phase-shifting circuits is described. 


The application of narrow-band frequency keying to the stability of 
the deviation value in radio communication, sets very rigid requirements. 
The design of the transmitting device becomes complex if it is necessary 
to ensure a continuous deviation range, the possibility of controlling the 
deviation value during the working process, and high-frequency stability 
for the transmitter. 

One of the methods of increasing the stability of the output frequen- 
cies of a transmitter is the application of an additional interpolation oscil- 
lator, whose frequency mixes with the frequency stabilizing network. The 
frequency of the interpolation oscillator is usually not high, and if neces- 
sary frequency keying can be applied to it. 

Depending on its band range and frequency stability requirements, 
an interpolation oscillator can make use of a LC or RC circuit. 

The known frequency keying methods for oscillators [1, 2] carried 
out by means of reactance tubes or commutating L, C or R elements have 
a number of deficiencies. Thus, upon the application of reactance tubes 
the over-all stability of the oscillator drops substantially, it becomes dif- 
ficult to achieve deviation stability, and the control of the deviation value 
becomes relatively complicated. 

The realization of the deviation by means of connecting L, C or R 
elements to the phasing circuits of an oscillator does not permit the achiev- 
ing of symmetrical (with respect to the frequency carrier) deviation in the 
continuous deviation range; it requires complex switching during transition 
from keying to frequency carrier operating conditions. The control of the 
deviation value during the operation of the transmitter also becomes com- 
plicated. In connection with this, in the design of a frequency-keyed re- 
sistance-capacitance oscillator, the frequency deviation was achieved by 
means of phase-shifting networks and by summing the currents passing 
through the oscillator circuit. 

The essence of the method is explained by the block diagram in Fig- 
GR Ihe 
Two voltages, shifted with respect to the outgoing signal by +90°, 
are formed from the oscillator voltage by means of a phase inverter and 
phase inverter commutator. During keying, these voltages are alternately 
introduced into the phasing network of the RC oscillator. At the same time, 
the phase of the total voltage, which is admitted to the input of the oscillator 
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RC Phase 
oscillator inverter 


Commutator 


Figure 1 


through the positive feedback circuit and the phasing network, changes. 
As a result, the condition for a phase balancing network is fulfilled for a 


i : 
frequency, differing from the frequency w = Ro and determined by the 
parameters of the oscillator phasing circuit. 
A 
It is easy to prove that, at relatively small deviations oe (where 


Aw) = w - Wo) the deviation value Aw ) is proportional to the voltage applied 
to the oscillator circuit after the phase shift. Inan RC oscillator with nega- 
tive feedback and phasing L network having identical arm elements, the 
steepness of the phase response (at small angles) can be expressed as 
follows: 


Be ie gpl (1) 
ean 9 ’ 
where k is the amplification factor. 
From this it follows that 
Wo 2 K 


Figure 2 shows the vector of outgoing voltage uy and the vectors of 
voltages u' and u', shifted in phase by +90°. 
The resultant vectors u, and uy are totaled with respect to vector 
ug by the angle +Aq 
In the case of a small relative deviation 


Ag = sin Ag = tg Ay = a 
Uo 
By substituting the quantity Ag in expres- 
sion (2) we obtain 


Aw OMe Aw 
oo oy ee ag Sy 
Wo 2 K Ug 9 
and Aw = cogu' = c'u', (3) 


Boal 
where C = sot eae and C' = Cw y are constants. 


0 
The linear dependence of the frequency 
deviation on voltage u' or u' is confirmed by 
experimental data obtain from a frequency- 
Figure 2 keyed oscillator. 
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; In this way, by measuring the value u' or u" by means of a voltmeter, 
it is possible to control the value of the frequency deviation directly during 
the operating process. 

The voltmeter scale can be calibrated for cycles of deviation. The 
verification of only a single point on the scale makes it possible to control 
all the deviation values. The voltmeter scale is checked at the 50-cycle 
point in the following manner. The instrument has a fixed (by a quartz 
oscillator) frequency of 4000 cycles. The oscillations of this frequency 
mix with those of the frequency-keyed oscillator and the oscillations result- 
ing from the frequency difference are fed to the visual tuning indicator. 
The indicator cathode is fed by 50-cycle line voltage. In this way, should 


= frequency deviate by 50 cycles, the visual indicator registers a zero 
eat. 


Figure 3 


The basic circuit of the frequency-keyed oscillator is shown in Fig- 
ure 3. The oscillator is hooked up according to an ordinary diagram with 
phasing network in the form of an L network with a thermistor in the nega- 
tive feedback circuit. To increase the amplification factor of the circuit 
for the purpose of obtaining high frequency stability, the feedback is sup- 
plied from the cathode follower (tube L3). Since a stability of the order of 
5-10- is required, the basic elements of the diagram are thermostatically 
regulated, and the supply voltages stabilized. 

The frequency of the generated oscillations is 4000 cycles. 

The oscillator voltage is shifted in phase by 90° by means of a bridge- 
type phase inverter and fed through transformer T, to the phase commutator, 
consisting of diodes connected in a ring circuit. 

The conductance of the diodes varies under the influence of the keyed 
bipolar signal, so that transformer T, produces alternate voltages, shifted 
with respect to the oscillator voltage by +90° and -90°. 

These voltages are amplified by the Ls tube and fed to the voltage 
divider consisting of resistances, Rj, Ry, R3, Ry, Rs. Resistance Ry serves 
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for continuous regulation of the deviation value. 
The divider made up of resistances Ry, and Rs 
makes it possible to change the deviation value 
in ten steps. The voltage on the divider is 
controlled by means of diode voltmeter, the 
scale of which is graduated (calibrated) in 
cycles of deviation. 

After the divider, the voltage is fed to 
the cathode of the oscillator tube L2 by way of 
the cathode follower on tube L4, thus bringing 
about a deviation of the frequency. The devia- 
tion range constituted 0 to 60 cycles; if neces- 
sary it can be widened by means of stepping up 
the voltage, supplied to phase inverter. To 
obtain considerably higher deviations it is 
necessary to step up the oscillator voltage. 

Figure 4 The above-indicated frequency-keying 
method is applicable, with the same favorable 
results, in the case of a LC oscillator. 

In this case, the voltage u' can be supplied directly to the oscillator 
circuit. 

Figure 4 shows an LC oscillator circuit with frequency keying, carried 
out by the above described method. The circuit represents a Hartley oscil- 
lator; the phase inverted voltages u' and u' are fed into the oscillator cir- 
cuit through resistance R. 


fF oscillator output 


Jue 
deviation 
setting 


At R > Z12, where Zj) is the resistance between points 1 and 2, the 
deviation value can be determined in the following manner: 


, 


1 ou 


A0o=— == —,, 
ORCseue 


(4) 
An LC oscillator, of a center frequency of 20 kilocycles, was inves- 
vestigated experimentally. Its maximum frequency deviation was 60 cycles. 
From the expressions (3) and (4) it follows that the frequency devia- 
tion depends on the relation u'/ug. Since at a constant feedback transmis- 
sion factor voltage u' is directly proportional to uo, the frequency-keyed 
oscillator circuit can be realized without a deviation value indicator. Ina 
number of cases this proves very convenient, since it permits substantial 
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Simplification of the circuit. 

Figure 5 shows an LC oscillator with the deviation voltmeter omitted 
from its circuit. The value of voltage u', and consequently, the deviation, 
was determined by means of a voltage divider calibrated in deviation cycles. 
The independence of the deviation value on the generated voltage in such a 
circuit has been confirmed experimentally. 

The authors express gratitude to K.V. Ivanov for his assistance in 
carrying out the experiment. 
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DEPENDENCE OF THE BASIC NETWORK 
PARAMETERS ON VARIATION 
IN ONE OF ITS ELEMENTS 


L. Ya. Nagornyy 


Equations for basic network parameters, equivalent to a two-terminal 
pair network, which network is expressed by a matrix determinant, its 
algebraic complement and any other network parameter are presented. All 
the equations are in the form of a linear-rational function, thanks to which 
the basic network parameters can be analyzed graphically by means of 
conformal mapping. The analytical method for networks is illustrated in 
an example of a two stage semiconductor triode amplifier. 


In analyzing and calculating complex electronic networks, equivalent to 
tow-terminal pair netowrks, the problem frequently arises of how to determine 
the character and magnitude variation of any of the basic network parameters 
(voltage and current transmission factors, input and output admittance etc.) 
with respect to the parameter variation of one of the network elemients. To 
these parameters belong passive two-terminal network admittance, steepness 
of the electronic tube, collector junction resistance of a semiconductor triode etc. 

Generally, independently of the network configuration, when all of the 
parameters of its elements are complex quantities, this problem can be 
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solved by means of generalized methods involving nodal voltages or net- 
work currents [1, 2, 3] and conformal mapping methods [4]. Based on 
the conformal transformation method, the calculating and analyzing of 
passive and active networks is graphically applied in many works, for 
example [5, 6, 7, 8]. In all these works, however, in order to map refer- 
ence grid of the complex plane of the dependent variables on the complex 
plane of the dependent variables, it is necessary to determine four equiv- 
alent parameters of one of six network equation systems [8, 9]. These 
parameters can be quite easily determined, if the network is relatively 
simple. The determination of the parameters may be considerably more 
difficult if the network is complex. In such a case, in order to determine 
network parameters equivalent to a complex network, it is most expedient 
to apply the method outlined in [10, 11]. In [12, 13] the networks are 
analyzed by the conformal mapping method applied in conjunction with 
generalized nodal voltage and network current methods. The generalized 
methods make is possible to express the linear-rational function factors 
directly through the matrix determinant of the network and its algebraic 
complement, and to eliminate the operation of determining the equivalent 
network parameters. 

In the equations developed in [5, 6, 7, 8, 12, 13], the independent 
variable for all basic paremeters, with the exception of the input and out- 
put admittance (input and output resistance), is the load immittance, con- 
nected in the network output, or the signal source immittance, connected 
in.the network input. If, however, it is necessary to analyze, for example, 
the voltage transmission factor of the network with respect to any param- 
eter of an element inside the network, these equations cannot be applied. 
The present work offers a method for determining the relationship of basic 
network parameters, equivalent to a two-terminal pair network, to any one 
of the network element parameters. 

Let us assume a complex network containing any linear elements 
used in radio systems. In drawing up the network matrix based on gener- 
alized nodal voltage or network current methods [1, 2, 3], we write its 
determinant as follows: 


A= | 


: (1) 
| 
| 


where Wij is the determinant element, 


Wx is the network parameter, whose basic characteristics are to be 
analyzed. 


Let us express, in explicit form, determinant A' through the quantity 
which interests us Wx, and is located in the intersection of the p-th and 


44 


q-th line and the s-th and t-th determinant columns!. This can be achieved 
on the basis of the well-known determinant expansion theorem regarding 
the sum of two matrices of the n-th order [3] 


n—1| 
A= A+ YM AS 43, (2) 


s=1 


where under the summation sign stand the products of all minors of the 
s-th order (s=1, 2, 3, ..., n- 1) of determinant 5 and the algebraic 
complement of the mutually corresponding minors of determinant A, 

In taking into account the fact that 


bef Pej ee fe cep | 
Pp |---| Wos |---| Woe || p We |=". 
Se eee Gye eA | fe] 
a |---| Was [| War | 9 —w,) | We | | 
fe fen fon |o | | 


we record the value of determinant A’ according to (2) 
A’ =A+W, Ais a (s+ t)> (5) 


By applying the same considerations, for example, to the algebraic 
complement A'(a + q) (b +c) we obtain 


A (6) 


(a+d) (b+c) A ate) (0+c) ae W dora) (b+¢), (p+q) (s+t)? 


where A;/. , . and A is the total and double total 
Bie onalts complement Penperinely ( Ps} g) 

Let us determine the basic parameters of a network, equivalent to 
that considered above, by means of the method of nodal voltages for a 
- general case, when the base node is inside the network (Figure 1). Here, 
the nodes a and b have been selected as input terminals, and the nodes b 
and ec are the output terminals of the network2., 

Let us assume that, the determined admittance matrix of the network 
is established taking into account the signal source and load admittances. 
Then, on the basis of [12, 13], we express the voltage at the network in- 
put as follows: 


; 1 , : 3 ; 
U,= We [A a4d)(a44) I, — dD inscy(a+d) 19) 

ee . : . (7) 
U,= w [Aaray(otey!t me Note) (0+e) 13] 


14 similar problem is solved for example, in [14], where a case is 
considered when p = s, q =t and the determinant A’ is expressed by A (in 
which Wx = 0), Wx and four simple algebraic complements. 

“If the network is analyzed by the method of network currents, then 
the letters a and d, b and c denote the circuits at the input and output of the 
network respectively [12, 13]. 
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Here the prime signs indicate 
that the matrix includes all the net- 
work parameters. 

The expressions for the input 
admittance and current transmission 
factor, will be found, for example, 
from the network shown in Figure 1. 

Considering that I, = 0, we 

Figure 1 determine the expression for the 
input admittance from the second 
equation (7) 
Yee (8) 
U, (ata) (a+) 

Assuming U, = 0, we find the value of the current transmission value 

from the second equation. 


In Ma4d)(b+e) 
Cri wee (9) 
I, Moe) (o4e) 


In a similar way we find the equations for the other basic network 
parameters and compound them in Table 1. 

It should be noted that, further in this work, wherever the method of 
nodal voltages is applied, the equations will pertain to quantities without 
parentheses (with index Y), and where the method of network currents is 
applied, they will pertain to quantities in parentheses (with index Z). In 
determining the values K} and Ni (method of network voltages), the net- 
work matrices must be written taking into account two artificially formed 
nodes which are shorted with respect to one another, instead of a single 
node in the branch paxough which current I, passes. On the other hand, 
when (K§) and (M{ ) are determined (method of network currents), in 
drawing up the meceore matrices, the artificial formation of two cells 
insulated from one another instead of one cell with a voltage U, on the 
branch is taken into account. 

To enable an analysis of the network with respect to any parameter 
(Wx), we shall express the basic parameters of the network in explicit 
form by means of Wx. This can be easily achieved by applying theorem (2) 
to the equations in Table 1. Assuming that the parameter of one of the net- 
work elements Wx is located on the intersection of the p-th and q-th line 
and the s-th and t-th columns of a specific matrix, we determine the equa- 
tions for the basic network parameters by means of the network matrix 
determinant, its algebraic complements and parameter Wx and compile 
them in Table 2 

The rules for finding the total and double total algebraic complements 
from the determined matrix are ma [15]. As far as the triple algebraic 
complement “ ata) (i4j ) (k+l) (ptq) (s+t)is concerned, the latter 
can be obtained from AH ae paainte ni a h, b-th ae p-th line to the d-th, 

e-th and q-th respectively, the i-th, k-th and s-th to the j-th, 1-th and t-th 
reer ad b Peeping the obtained determinant of the (n-3) -th order by 
ae x x=0, ifa>b>p,i>k>sanda<b<p, i<k<s:; 
an ifa >~“bS pri ke standiar<bisipwic-idsest In all other relations 
between a, b, p andi, k, s x=2. 

It should be noted that after the network matrix is established, the 
parameter Wx, with respect to which it is desired to analyze one or another 
basic network parameter, must be encircled. In drawing up the matrix, 
calculating of parameter Wx offers the possibility of determining the sign 
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Table 1 


j General alternate for 
Quantity Designation selecting the network 
coordinate system 


Input admittance Ya== \ 
U; - 
/ J A 
(Input resistance) (Zin = ay a cana) 
iy 
Output admittance You = if) , 
Us» A 
(Output resistance) (Zon = U2 Motey(dte) 
Ip 
Voltage transmission y U2 i | 
fact ST Fe 4 | 
ctor U; (a+d4)(b+c) | 
(Current transmission a zals ee | 
neces (K a (a+) (a+a) 


Current transmission 


factor ee]; A(a+d) (b+) 


, 


(Voltage transmission ) NM o4c)(b+e) 


factor) 
Seas 
Shunt resistance M}, =— Re 
f (a+d) (b+c) 
fey ® ae 
(Series admittance) UN eee 2s zs | 
\ I U. | 
\ 1 
ee | 
Series admittance NY = = ne 
YY (a+d)(b+c) : 
(Shunt resistance) ( Mi = 2) Matd) (a+d), (de) (d+c) 
ty 


with which it is entered into the line and column of the matrix. The sign 


is required for substituting Wx in the equations of Table 2. Furthermore, 
the encircling will serve as an indicator that W, does not have to be taken 
into consideration (i.e., Wx = 0) when the determinant or algebraic com- 


plement are evaluated. 


In Table 2, the equations pertain to the general alternate for selecting 
the network coordinate system. It corresponds to the case when the base 
node is inside the network and the latter is analyzed by the method of nodal 
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Table 2 


: General alternate for selecting the 
aaa AST A REIT.) network coordinate system 


Input admittance WA(praystt) + 4 


WS(a4d)(atd),(pta)(stt) + A(at+d)(a+d) 


(Input resistance) 


Output admittance WA(psanset) +4 


Wad(o4c)(v4+0), (pta)(stt) + S(ot+ey(b+e) 


(Output resistance) 


Voltage transmis- 
sion factor 


WrA(a4d)(o+e), (ptg(s+t) + A(atd)(o+e) 
Wd 


(Current transmis- (a+d)(a+d), (p+g)(s+t) + S(a+d)(a+d) 


sion factor) 


Current transmis- fo ree ma 
sion factor ] XO (a+d)(b+c), (p+q)(stt) (a+d)(b+c) 


A j A +A 
(Voltage transmis- : v2 We (b+c)(b+c), (p+9)(stt) (b+c) (b+c) 
sion factor) 


shunt resistance WX\a4+d)(o+c), (ptay(s+t) + S(a+dy(b4c) 


Wd 


(p+q)(stt) 4 


(Series admittance) 


— 


Wda4d)(d+e), (p+a)(stt) + 
aa Mata) (b+c) 


Series admittance 


W M(a4dy(atd),(b+e)(b+c),(p+a)(s+t) + = 


i e 
a int eee ~ +3(a44)(a4d), (b+c)(d+c) 


voltages or when the outer circuit of the network is the base circuit and the 
network is analyzed by the method of network currents. The expressions 
for other alternates of the network coordinate system depend on the struc- 
ture of the network. They can be obtained by equating one or another index 
(a, b, c, etc.) of the algebraic complement, which denotes a node or cir- 
cuit of the analyzed network, to zero. The analyzed network, in turn, 
corresponds to a combination of specific nodes or circuits with base node 
or circuit. Thus, for example, if nodes d, c, q and t are coupled together 
and connected with the main node, then the expression for the current 
transmission factor at Wy = Yx will assume the following form: 

fp ea es E, (10) 

Yrdop ps + oo 
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Thus, depending on the configuration of the network according to its 
specific matrix it is easy to find the required expression of the basic 
parameters of interest to us with the aid of the formulas presented in 
Table 2. This expression can be analyzed analytically as well as graph- 
ically. In most cases, however, and in particular when the network param- 
eters are complex quantities, it is more convenient to analyze the basic 
parameters graphically. In such a case it is much simpler to find the 
character and numerical value of the basic parameter, at any value of the 
parameter with respect to which the network is analyzed, and to trace the 
interconnection of the respective basic parameters of the network. 

From Table 2 it appears that all formulas for the basic parameters 
of the network, equivalent to a two-terminal pair network, have the form 
of a linear rational function [4]: 


= WA; + By 
W Ao + Bo Z 


(11) 


where V is the dependent variable; Wx is the independent variable; A, B,, 
A, and By are equivalent network factors. 
Let us assume that the network parameters are complex quantities. 
In presenting Equation (11) in the form of 


V ri G 9 
Awe ee) 


it is possible, by means of conformal mapping, to reflect the coordinate 
system of the independent variable Wy complex plane on that of the depen- 
dent variable V. 

The coordinate system can be presented by two families of circles, 
one of which is determined at |Wx| = const, and the other at ¢x = const 
(where |W, | is the modulus, and ¢x is the argument of quantity Wx). 

The center VR and radius pp of the circle at |W x | = const are 
determined by Equations [7, 8]. 


= Gh eee (13) 
einen lH} 1—|pP’ 

am a Sale (14) 
R|A| 1—|pPe’ 


where the following notation has been introduced: 
ne 


a= 
1P| iH 


The center V, and radius py of the circle at x = const are deter- 
mined by the following formulas: 
G a ae 
V,=F+ = [i +icig(e.—v), (15) 


pee NG LE sl (16) 
"f 2/H|  sin(gx—7) 


where y is the argument of complex quantity H. 
Table 3 contains the factors F, G and H of the basic parameters for 


the general variation of the network coordinate system. These parameters 
are expressed directly by the network matrix determinant and its algebraic 


complement. 


*ctg = cot (Transl.) 


49 


Table 3 


General alternate for selecting the 


Desig- 
network coordinate system 


Quantity 


F | A(ptay(s+t) 
Input admittance Ma+ay(a+dy(pta)stt) 
F | _ Storays+n Siptanetay 
(Input resistance) Nermieranierocee 
r | S(a+d)(a+d) 
4(a4d)(a+d), (p+9)(stt) 
- | Spt) (s+t) 
Output admittance Vout BOTS bEOUrre tere 
a | rf Ao+ey(s+t) M(p+a)(b+e) 
(Output resistance) (Z out) |~ “eserose) raver 
is S(o4-c) (d+) 
A(b4c)(d+e), (p+ a)(s+t) 
. \(atd)(b+c),(p+9)(stt) 
Voltage transmission Kh Na+ ay(a+d), (wrayseh 
factor G __ Aatdy (stt) A(ptaatd)(a+d) (040) 
(Current transmission] (7 ) Metanaraesnsso 
factor) H ___ Seta) (a+) 
A(atd)(a+d),(p+a)(s+t) 
Y S(a4d)(b+c), (p+ a)(stt) 
Current transmission K} ——— sepals ).0 E79 
factor : Mptan(dte) M(b+e)(stt), (a+d)(b+c)_ 
(Voltage transmission | (K7, ) Notaera, trraorn 
factor) Hf Mo4e)(d+e) : 
Mo4c)(d+c), (p-+9)(s+t) 
: S(a4d)(d+e), (p+a)(s+t) 
Shunt resistance My Ue Bes =- +++ Prt ayo+) 
é Ma+d) (s+t) Mpa) (ote) 
(Series admittance) (Ne pA cepts We Pt ke Nose) etd 
H A 
z aut Mpta)(stt) 
° S(a4d)(d+e), (p-+a)(st!) 
Series admittance N} = = Metanaranoraietenierastn 
Gg |_ Dlatalatdy(ptay(o+e) Mat ay(d+e)(b-+e)(s+t) 
(Shunt resistance) (M7 ) MCh UarIn ar am neanricr 
H Matd)(a+d), (b+e)(b+e) 


P(a+d)(atd), (d+ e)(b-+e), (p+ a) (s+!) 
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In calculating F, G and H and 
in determining y according to Equa- 
tions (13-16), we find two families 
of circles, which reflect the coor- 
dinate system on the complex plane 
of the investigated parameter V. As 
a result we obtain a circular graph, 
by means of which we can determine 
the active and reactive component V : 
at any value of the independent var- Figure 2 
iable Wx. 

The method of the analysis and 
calculation of the network is illustrated by an example of a two stage semi- 
conductor triode amplifier with nonregulated coupling [9] between the 
stages (Figure 2). Let us investigate the variation of the voltage trans- 
mission factor of the amplifier versus the variation of admittance Y» at 
constant value of the amplifier load admittance Yj. 

In denoting the the network nodes with the numerals 1, 2, 3, 4, Oand 
in assuming that the characteristic admittances Ypb, Ybc, Yeb and Yec of 
the triodes in a grounded emitter network are known, we obtain the follow- 
ing network admittance matrix 


1 2 3 4 
eye \eicbe | | 
2 Yop ret Ya Y23 | Yes 
‘A SE 
Bilal, Hee |p kes oes 
Neel es | Vasa le¥i 
where 

Yu=Vipt Mi Ys. = — (Yon + Yop): see tpt Ten) i 
Yoo = |e a) aa Vos = Vint Yocet Yoo t+ Yas=— (Yop t+ Yee): 
Yo3= — (Yin + Yoe)3 Yi ot Yet Vy Yu= Yoo + YH. 


Where one line pertains to the parameters of the first triode, and 
two lines pertain to the parameters of the second one. 

Considering, on the basis of Figure 2, thata=1, b=4, c=d=0, 
p=2, s=2, q=t=0 and Wx = Yo, the voltage transmission factor is 
mas YoAi4,02 + Ay 

Yi, 02 + 411 


Ky 


To map a conformal mapping of the complex plane of admittance Y2 
on complex plane Kes it is necessary to determine, according to Table 3, 
the factors F, G and H and argument y for the voltage transmission factor 
of the amplifier. On the basis of Table 3 we have 
Ee A Ato py —u ; 
411,2 Ai1,2 11,22 


We determine the required algebraic complements: 
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Sie Vay, . 
Aigo = (— 1) oie ae y, = — YY 43; 
Ai = (— ieee he Me Ay 
43 44 
Yop Yas Vic 
d=(—1)' |—F, Kas Yuu = —(Y¥,A+ YB); 
0 Yas Yu 
Baal Ie YB) 
Cc | 
Yoo Yas Yirc 
Ai (al ae Vs Yss Ys, |= YooA+ KC + Yad. 


cb Yus Yuu 


where 
A= Vo3¥ a, — Yas V as; C= ¥uo¥ 43 — Ys ¥ ch: 
B=YaYu— Vato: D=YuYa— YaYse 


In substituting the values of these algebraic complements in the 
expressions for F, G and H, we obtain 


, ad Yy. 
Pye LA yey, peal easel es poe actrees 
— Ae A2 A 


To illustrate the above let us map graphically the conformal mapping 
of the complex plane Y, on the complex plane Ke with the following semi- 
conductor triode parameters at a frequency f = 0.4 megacycles: 


Vin = Vij (8.15 + 72.92) 10-°mho; Fj = ¥,= (11.3 — j 15.1) 10™mho; 
Vinx Vijo= — (0.005 + j 0.063) 10 °mho; Yoo= Yoo = (0.0125 + 
+ 70.125) 107° mho 


provided that, the admittances Y, = 10-4 mho; Y, = 5-10-3 mho; Yq, = (0.02- 
j0.2)10-*’ mho. By substituting the values of the triode admittance char- 
acteristics and the admittances Y,, Y3 and Yy, in the expression for F, G 
and H, we obtain 


F = 0.33 + j0.5; H=(-- 1.24 + 72.41) 10-*mho; 
G = (600 + j40)10-°mho; y=117°. 


We determine the voltage transmission factor for 


¥,=0, Ky, =F+ < — — (88.17 + j202.5) and where Y;=00, 
KY, = F =0.33 + j05. 


From Equations (13-16) we map on the complex plane Ky the de- 
picted net at | Y,| = const; |p| = 0; 0.143; 0.334; 0.6; 0.905; 1.0; 1.105; 
1.66; 3.0; 7.0; ~ and at #) = const by two squares. The circles shown in 
bold lines and designated (+; -) and (+j; -j) are depictions of the true and 
imaginary axis; the remaining circles constitute the coordinate system | Yo | 
|. Modulus | Y,| is expressed by means of the relative quantity |p|, 
and phase ¥» is shown in squares (L = 90°) 


. 
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Figure 3 


From the circular graph in Figure 3 it is relatively easy to deter- 
mine the value of the modulus and phase of the voltage transmission fac- 
tor of the amplifier at various values of admittance Y>. 

Let us consider a case, which is of greatest interest from the prac- 
tical viewpoint, when admittance Y» is of inductive character. 

Thus, when the admittance is of purely inductive character, which 
on the circular graph corresponds to circle #5 = 3.0 L, and the admittance 
Y= -jim(Y,) is increased, the modulus of the voltage transmission factor 
increases and reaches its maximum value [Ke] = 492 at point a (Figure 3) 
at Y) = -j2.41 (at this point, phase 1 corresponds to y = -177°). Further 
increase of the admittance results in a decrease in the voltage transmission 
factor. Obviously, at Y, = -j 2.41, which has a purely inductive character, 
the admittance compensates the total reactive component of the first stage 
output admittance and the input admittance of the second stage, which is of 
capacitive character. 

If, besides purely inductive components, we also have an active posi- 
tive component, the voltage transmission factor considerably increases. 
This is explained by the fact that, the active admittance component between 
points 2 and 0 of the amplifier is negative and negatively compensates the 
negative admittance component between point 2 and 0, was the active posi- 
tive component for value Re( Yo) = 1.24 -10-3 mho increases. At this value 
of the active component of admittance Yo, the operating conditions of the 
amplifier may become unstable. To increase the stability at a sufficiently 
high voltage transmission factor of the amplifier, it is necessary to select 
the admittance Y, = R3(Y») -j Lm (Y,) and that its active component ex- 
ceeds the value 1.24-107-° mho. 

The circular graph in Figure 3 makes it possible to follow analogously 
the variations of the modulus and phase of the voltage transmission factor 
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at other values of admittance Y,. Furthermore, from graph 3 we can 
determine the character and numerical value of Y, for specific values of 
the modulus and phase K}, of the amplifier. 

In conclusion, let us remark that the outlined method for investigat- 
ing the basic values for networks equivalent to two-terminal pair network, 
with respect to the variations of one of the network parameters, is quite 
general and applicable to networks of any degree of complexity, containing 
passive single-terminal pairs and non-autonomous multiterminal networks. 
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TRAFFIC CAPACITY OF A GROUP 
OF DEVICES SERVED 
BY TWO MASTER SYSTEMS 


G.L. Grigor'yev 


An expression permitting the determination of the traffic capacity of 
a group of devices served by two master systems is derived, and an exam- 
ple showing the practical application of the obtained equation is presented. 


Modern automatic offices often include groups of devices served by 
two master systems. As an example we may take the presently operating 
tandem equipment for step by step system to machine-drive automatic 
office communication, where a group of connector relay sets is served by 
two registers. Therefore, the problem of determining the traffic capacity 
of trunk groups, which are served by such groups of devices, is presently 
of practical interest. 

An article [1] presented a control system permitting the determina- 
tion of the traffic capacity of a group of several devices served by one 
master system. Below, an attempt is made to solve the same problem for 
a group of devices served by two master systems by transforming the above 
mentioned system of equations. The previously derived set of equations 
has the following form: 


ws 
Vee eee (1) Yreg= > Nregs (4) 
K—1 
a ~., (2) ae boe (OL (5) 
ti Yreg 
t K tbh 
Y= a Iie (3) NON ian (6) 


t 


From the quantities contained in the above equations the following 
is known: t is the duration of the considered time period, with which 
quantity we are concerned; Yreg t is the load, which would pass through 
the register; if the latter is occupied during the entire period in question; 
numerically, this quantity is equal t; Yz,is the rated traffic capacity of the 
line or device in the case of a purely random load. The load, which is 
directed to the given trunk group and the losses are known. Consequently, 
it is easy to find the number of devices without a blocking arrangement 
required, and to determine which each of them is supposed to pass during 
time t; @ is treg/ter ratio showing how many times the average holding 
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duration of the register is shorter than the average holding duration of the 
line or device (connector relay) (a is usually chosen in conjunction with 
the design data); k is the number of lines or connector relay, connected to 
one master (common) system is usually known. 

Unknown are the following: Y,, the load actually passed by the line; 
Yp, the load not passed through the line due to blocking; Yreg, the load 
passed by the master system (register); thA, the time interval during which ° 
the given line or connector relay set is clear, but blocked; thy, the duration 
of blocking, established during the occupancy of the other lines or connector 
relays of the given group and the, the blocking duration (time) of the given 
group of lines. 

Solving the set of Equations (1)-(6) at t = 1 hour leads to the follow- 
ing expression: 


KYL + = a ("YL + —) 41 ¥L+ 1] Rat 
Pe re RE eed See ease (7) 
2[(« —1) YL + 1] 
Let us investigate how Equations (1) - (6) vary in the presence of two 
registers. Obviously, Equation (1) remains unchanged. In Equation (2) Yreg 
should be substituted by 2Yyeg and it will assume the following form: 


a (8) 
KYA 
Equation (3) will remain unchanged. Equation (5) must be trans- 
formed, since the traffic capacity of any connector relay will be affected 
by only those blockings, which are established as a result of the occupancy 
of both registers from the side of other connector relays. Let us deter- 
mine the share of these holdings with respect to the total number of pos- 
sible combinations which establish the blocking. The total number of pos- 
sible ''k'' combinations of the connector relay with the two registers is 
x (x —1) 
12 
In this number, (k - 1) is the combination in which the giYen con- 
nector relay is involved. Consequently, the number of blocked combina- 
tions without the connector relay is 
«(x —1) 


Ta — (k — 1). 


From this, the ratio of the number of blocked combinations without 
the given connector relay to the total number of combinations will be 


* (x — 1) 


r(hrel) 


32 _ k—2 
K(k — 1) res” 
Py? 
Thus, Equation (5) will assume the following form: 
—2 
* ees om (9) 


Equation (6) also changes, since instead of Yreg we introduce 2Yyre 
and its has the following form: . 


2 Yreg 
ete arr wie, fbi) 
=vy = mer (10) 
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Finally, we transform Equation (4). 

In the presence of two registers, the blocking is established in the 
case when both registers are busy. If the occupancy probabilities of the 
registers did not depend on one another, the blocking probability of Whe 
would be determined as a product of the occupancy probabilities of both 
registers Whe = Wreg 

In reality, however, no such independence exists, and therefore, the 
given expression is incorrect. In fact, when one register is busy in the 
system, the one from the k connector relay is occupied as well. In this 
way, during the occupancy of one register, the system continues its opera- 
tion as a system of k-1 connector relay sets, connected to one register, 
and the biocking probability of the system is determined by 

Wyo= WregWregs (10°) 
where Wteo is the occupancy probability of the second register during the 
time when the first is already busy. 

At time t equals 1 hour, Wfeg is quantitatively equal to the load 
passed by one register serving groups from the k-1 connector relay set; 
the blocking probability of the Whe system is numerically equal to the 
occupancy time of any register during one hour — treg tot. Therefore, 
equality (10') can be written as 


to= beg tot “reg e (10”) 


Thus, treg tot numerically also expresses the load passed by the 
register during one hour (Yreg). 

Proceeding from the numerical values of the quantities entering 
this equation, we could simply substitute treg tot by Yreg and write 


bo= Keg Wieg ’ 


however, the given equality would be subjected to a breach of its dimen- 
sionality. Therefore, it is more correct to present treg as Yreg/m, where 
m is the number of calls, passed simultaneously by the register. 

Then we have 


eos 
t=, Meg: (11) 


where m=1. 

In this way we obtain a new set of equations consisting of expressions 
(1), (8), (3), (9), (10) and (11). Solving this set in a manner similar to 
the preceding one, i.e., by substituting in (10) the remaining five equa- 
tions, and assuming that t is equal to 1 hour, and m equals one call, we 
obtain 


f , 2 DA, 
[(« —2) Wig K+ 3 — [2% c5 Vey aes as + =!=0 
whence, 
f 2 
(« — 2) Wreg hh + 2, + in 
LASS ta (= 2) Wrogl +21 + 
d 2° amy, 3) 
V [ea megt 2% + — | 4 Me) Meg tI ie 
2 [(K—2) Wreg¥L + 2] 


The Wreg quantity canbe easily determined by means of expression (7), 
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making use of the fact that, it is numerically equal to the load passed by 
the register in a system with k-1 connector relay sets. 

Let us consider as an example, the determination of the traffic 
capacity of a line. It is required to determine the number of lines 
and registers, necessary for passing a load of 12 call-hours at a 5 
percent loss. 

Selection accessibility is 10. If there were no blocking action, as 
tables of the Central Communications Scientific Research Institute indicate, 
24 lines, would be required, i.e., each line would pass an average of 0.5 
call-hours. In other words, Yp = 0.5. However, the lines on the given is 
served by two registers. It is known that, a = 0.2. The moment one of 
the registers is busy, the remaining connector relays and register operate 
as a system with one register, which has the following data: k= 5s @)=.052; 
WGp = Wa De 

: From Equation (7) we determine the loads for this system, passed 
by each connector relay set, Y', and register Yreg, 


rae 5-0.54+5+V 6-0.545P—4(4-0.541)0.5-5 _ 
A 2(4-0.54 1] a 


— 7.54) 6.25 
prea eS 
Since the load passed by one line during an hour cannot exceed one 
call-hour, we select a negative root value: 


0.396 - 5 


Yy = 2 2® 0303, Y= PS. — 0,393. 


6 Teg 


Since Yyeg is numerically equal to Wteg, then in substituting all the 
obtained quantities in expression (12), we obtain 


¥,=0.46, 


i.e., the traffic capacity of the line dropped by 0.04 call-hours. Knowing 
this, it is easy to determine the number of lines to be added. 

The reduction of the traffic capacity with respect to the actual one 
amounts to 


0.04 


54g 100=8.7%o, 


Consequently, the number of lines must be increased by 8.7 percent 
with respect to that number which would be provided in the absence of 
blocking, i.e., the number of lines calculated as follows 


24 - 8.7 
100 


24 + 


= 26.08 = 26 lines. 


If each group of six lines is provided with two registers, then the 
two supplementary lines should be provided with an additional register. 

The above method of determining the required number of lines does 
not claim absolute accuracy, since it utilized average load values. Never- 
theless, by applying it, it is possible to obtain results accurate enough for 
practical application. For example, a verification of the above calculated 
trunk group of 26 lines by the method of artificial communication, shows 
that at a load of 12 call-hours and a 5 percent calculated loss, the actual 
losses amounted on the average to 6.67 percent. 
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DENSITY OF MAGNETIC RECORDING 


Yu. P. Drobyshev 


Determination of the surface density of a recording is presented. 
Conditions for achieving maximum density are considered. The most 
favorable bandwidth for a recording-reproduction channel is determined. 


Magnetic recording is widely applied in radio broadcasting, televi- 
sion, phototelegraphy and other forms of communication technology, where 
it is not only important to record a signal with required accuracy, but also 
to economize on the recording carrier. These problems becomes particu- 
larly important in recording large-volume signals, where the carrier con- 
sumption is high. It can be demonstrated that, in the case of signal-chan- 
nel recording, the increase of the recording density which is frequently 
determined as the number of periods of the highest signal frequency re- 
corded per unit length of the tape, can be achieved only by increasing the 
resolving power of the magnetic head. It is true that the consumption of 
the carrier is in fact higher than that required for the depolyment of the 
magnetic channel. This is because the width of the tape is not only deter- 
mined by the width of the channel, but also the mechanical durability of 
the tape. 

On the other hand, in the case of multiple channel recording, the 
surface of the used carrier is determined not only by the resolving power 
of the heads, but also by the spacing of the channels, which in turn depend 
on the parameters of the recorded signal. Consequently, the recording 
density is connected with the signal characteristics, the variation of which 
would probably vary the recording density. In a most general case it is 
worth determining the recording density unit as an amount of information 
of signal I, contained per unit surface of recording carrier S, 


I (1) 


Sy eee 9 rmndg 


S 


The recording surface, determined in this manner, characterizes the 
economy of the entire magnetic recording system with respect to carrier 
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consumption. Let us find what are the factors which affect the density of 
multiple channel recording. Is there a maximum density and how can it 

be achieved? In particular, we shall prove that there exists a certain 
optimum bandwidth for the recording-reproduction channel, which corre- 
sponds to the highest density. Let each channel record a signal with spec- 
trum 0to F, duration T and quantum level q. If the width of the channel is 
b, and the spacing between channels d, then expression (1) will assume the 
following form 


__ 2FTlogoq __ 2F logog 
(6+ d)vT (6+d)uv— 


(2) 


where v is the speed of the head with respect to the recording carrier. 
The distance d depends on the admissible level of transient interferences 
and wavelength of the recording, whereby, the shorter the wavelength 
corresponding to the lowest signal frequency, the smaller the distance d 
for the one and same transient interference value (Figure 1) [1]. 

Let us consider the transfor- 
mation of a signal, in which the 
latter displaces along the frequency 
. axis, achievable by means of single 
band AM. In such a case the spect- 
rum width remains unchanged; the 
value Ag decreases but speed v in- 
creases, since the higher record- 
ing frequency increases too. As 
a result, the quantities v and d, 
which are part of expression (2), 
change in opposite directions. 
Consequently, a certain optimum 
may exist, in which S = Smin. At 
such a signal transformation the 
amount of information I remained 
unchanged and we may expect that 
= Umin- 

This is what we are going to 
demonstrate. 

Let spectrum 0 to F be dis- 
Figure 1 placed by the quantity BF, where 

B is the constant factor. Then, 
obviously, the new speed value will be 


V1 = AwF(1 + B) =), BF, (3) 


where A, is the shortest wave length, which can be recorded. Then, 


hentai (4) 


As— Aw 


In substituting (4) and (3) in (2) we obtain, after certain transfor- 
mations, 


— 4 logs q As — hw 
Ye 62d eee 
AwOIL +g, %s)} As” e) 
where the functi = btad i i 
e function ¢(q, Ag) = pb can be obtained on the basis of the 


graphs in Figure 1. In taking into consideration the fact that the basic 
interference is produced by the mutual influence of the channels, and by 


60 


: Us 
choosing q = BU,” the function ¢(q, Ag) in the region Ag < 3 can be approxi- 
mated by the following expression: 
9 9, As) = 1 + Q,hs, 
where ag is the factor, depending on q (Table 1). 


Table 1 
ee ee 2 eee 
q | 2 | 6 | 8 | 11 | 17 33 | 60 
a4 
10—*c.u—! 0.8 1.56 3.2 4.3 | 5.5 8.3 10 


In considering factor 6 and, on the strength of (4), wavelength Ag 
as variable quantities in expression (5), we analyze expression (5) for its 
maximum value. The letter occurs at 


Quantity X,, for modern magnetic heads can be obtained in the order 
of 20 microns or less. Therefore, where q varies from 2 to 50 (Table 1) 


: 2 ; 
quantity a is at least 100 times larger than unity. Therefore, 
hs opt + ma (6’) 
aq 


Thus, the density of multiple channel recording is highest, when the 
signal spectrum in each channel is disposed between such frequencies fw 
and f,, which satisfy 


Sw __ 8 opt 
fs hw 
; fw-fs 
In determining the relative width of the signal spectrum as Of ee eee 
s 
Ag-A 
and the relative bandwidth of the magnetic recording channel as 6A= aan: 


W 
it appears that, the condition for the most favorable utilization of the chan- 
nel is achieved at 5f = 5Agpt. 

In this case this Bondition is achieved by means of displacing the 
signal along the frequency axis at constant q and T. 

It would be useful to consider the problem of the occurrence of a cer- 
tain signal transformation of a more general form, where an absolute maxi- 
mum density can be achieved. 

In fact, quantity q is determined by the dimensions of the linear sec- 
tion of the amplitude characteristic of the recording channel and the quantum 
step, which depends on the noise level of the channel. These noises con- 
sist of the noise emanating from the channel proper and interferences from 
adjacent channels (we shall take into consideration noises of magnetic 
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origin only). The level of the channel noises depends on the latter's 
width, and that of the transient interferences depends on the distance be- 
tween the channels. Consequently, if after a certain transformation of the 
signal, the quantity q diminishes, the quantum step can be increased as 
well as corresponding permissible values of the transient interference and 
internal noise levels. This in turn will permit the reduction of b and d. 
Thus, it remains to determine the extreme (maximum) of the function 


os 2Qlogsg As — Aw (7) 
Alb (Bn) +4(B)) ts 


where Bj is the equivalent magnetic induction of the transient interferences, 
Bn is the equivalent magnetic induction of the channel noises. 

The solving of this problem in its most general form is complicated, 
since v is a function of many variables, but can be considerably simplified 
by means of certain assumptions, of rather common nature. Namely we 
shall assume that 

1. The channel! noises are normally distributed and that By is the 
root-mean-square value of the noise, whereby the quantum step AB = k 
(By + Bj). 

2. In varying AB a certain number of times, the quantities B, and 
B; vary the same number of times. 

Then, the sum b(Bn) + d(Bj) in (7) can be presented in the form 


SU +9 @'3)15@). 


The voltage level of the reproduced signal varies proportionally to 
the channel width, and the noise voltage level varies proportionally to the 
square root of that width. 

Therefore, b(q) = C(q-1)*, where C is a constant. 

Furthermore, the quantity Aw will be considered given, since it is 
basically determined by the length of the slot in the reproducing head and 
linked with it by a certain factor, which depends on the thickness of the 
tape coating, the gap between the tape and head, etc. Instead of vyyagx it 
is more convenient to find the minimum of the inverse function p(q; Ag) 


CHRD aoe 
log2q 
It is easy to demonstrate that, one of the required conditions for 


ny 
p= CS _ [1 + 2 GAN 
Si Ww 


achieving an extremum of function p, namely = = 0, is not fulfilled. In 


other words, no absolute density maximum exists. An example of function 
pis presented in Figure 2. The latter is bounded on two sides by the planes 
= 0 and q = 2, and on the third side it asymptotically approaches the plane 
Ag = Ay. The minimum value of the function p is situated on the plane 
q= 2. The projection of the line MM' on the plane = 0 expresses the 
relation between q and Ag opt; Obtained previously (Equation 6') at Ag < 
20 microns. 
The smaller is q the less clear is the expression of the partial minima 
i. Therefore, in selecting the bandwidth of the channel, it is sometimes 
more convenient to select quantity Ag > Ag opt» Since in this case the density 
drops insignificantly, and the channel capacity increases at the same rate. 
Let us introduce the density factor p: 


p= t. (8) 


Figure 2 


Then, we draw lines on surface p whose points satisfy condition (8) 
for ap. The projection of the lines, situated to the right of MM' (for 
which Ag > Ag opt) results in a family of curves Ay = z(q; p) on plane p= 0, 
which can be found by substituting (6) in expression (8). If we select again 
Aw < 20 microns, we obtain 

2(1—p) + V 2a 


Pag 


The family of curves q = E(Ap; p) for Aw = 10 microns is presented 
in Figure 3. 

On the basis of the above, the following conclusions may be drawn: 

1. For a given number of signal levels there exists a certain opti- 
mum value of Ag opt, at which the recording density reaches its maximum, 
that is, the most favorable bandwidth is achieved. 

2. There is no absolute maximum density where the signal is trans- 
formed under variation of the number of levels. 

3. A signal with two levels can be recorded with the highest density. 

4 4. Sometimes it is necessary to select Ags > Ag opt. This makes it 
possible to reduce the recording speed at the same channel capacity. 

5. The difference Ap - Ag opt decreases with increase of q. The 
largest channel capacity for selected p and v is obtained at q = 2. 

As an example of the application of the recording density character- 
istic, let us calculate v for two magnetic recording devices (FTAMZ and 
RAM), designed for transducing phototelegrams. 

The phototelegraph signal in the first apparatus, which represents a 

‘certain carrier modulated by the amplitude of the picture signal, is re- 
corded on one of the two channels of a 6.35 millimeter magnetic tape. The 
RAM type apparatus applied transverse-line recording on a perforated 35 
millimeter tape and frequency modulation at an average frequency fy = 5 
kilocycles. The recording frequency is calculated according to Equation 
(2) for a phototelegraph signal with a 0.3-3.4 kilocycle spectrum and a 
number of levels q = 30, which corresponds, approximately, to a dynamic 
range of 36 decibels. The quantitites contained in Equation (2) are pre- 
sented in Table 2. 

In the calculations, only the carrier surface occupied by the signal 
proper was taken into consideration. If we take into account the total 
carrier surface, including the perforation and channels of the auxiliary 
signals (synchronization etc.), we arrive at the following results: 


h, = 


(9) 
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Table 2 


bits 
Type of b +d (mm) v mm/sec nears 
apparatus 
FTAMZ | 3.18 | 590 iW i,t 
| RAM | LEZ | 192 | 134 
bits _ bits 


FTAMZ v= Se RI 


RAM vp = 93.0 Sa 5 

It is understood that, the recording density is not the only and not 
the decisive characteristic of the above recording systems, especially 
since both devices have provisions for increasing it. However, the pre- 
sented example shows that, the recording density offers the possibility of 
convenient comparison of the various systems, especially when their 
parameters (speed, tape width, number of channels etc.) are different. 

The author expresses gratitude to Dr. I.E. Goron for his valuable 
advice and for the attention which he gave to this work. 


BIBLIOGRAPHY 
1. S.F. Shavrin. Investigation of the elements of multichannel magnetic 
recording with spatial phonogram distribution. Doctor's thesis, 
MEIS, 1952. 


Received December 16, 1960 


64 


REVIEW OF BASIC TRENDS IN 
THE DEVELOPMENT 
OF CABLE TECHNOLOGY FOR CITY 
AND INTERCITY COMMUNICATION 


R.M. Lakernik, D.L. Sharle and V.O. Shvartsman 


The basic trends in the development of cable technology for city and 
intercity communication during the 1945-1960 period are discussed. 


INTRODUCTION 


The postwar period is characterized by a vigorous development of all 
means of electrocommunication. The growth of the number of telephone 
conversations, telegraph and phototelegraph communications and the inter- 
change of television programs is closely connected with the development of 
cable technology. 

In connection with the necessity of stepping up the output of cables 
during the postwar period, the problem arose of how to create the most 
economic designs and how to utilize most efficiently each physical cable 
circuit by means of high-frequency multiplexing. 

The achievements in the field of cable circuit multiplexing are char- 
acterized by the following indices. If before the war balanced trunk cables 
transmitted frequencies up to 60 kilocycles, and coaxial main cables up to 
one megacycle, the latest balance cables are multiplexed in the frequency 
- spectrum up to 552 kilocycles, and coaxials are up to 8.5 megacycles. 

The number of communication channels, transmitted simultaneously on 
one physical circuit, increased from 12 to 120 in balanced cables and 
reached nearly 2000 in coaxial cables. 


CABLES FOR CITY TELEPHONE SERVICE 


The most characteristic traits of the postwar development in the 
technology of city telephone cables are the following: 
a) the aim to include into a cable the largest possible number of 


circuits without increasing its size; 
b) replacement of the lead sheathing of cables with air-space insula- 


tion in combination with metal-plastic sheathing; 
c) replacement of copper current-carrying cable conductors with 


aluminum ones; 
d) gradual transition to plastic insulation (polyethylene) instead of 


air-space insulation. 
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The number of circuits per cable was increased by applying 0.4 mm 
copper conductors, spiral quads for the insulated conductor groups and 
bunched twists for the core. Compared with the twisted pair, the spiral 
quadded twist reduces the diameter of the cable as well as its weight (on 
the average by 12 percent) retaining the same attenuation constant per 
kilometer. 

The advantages of the bunched twist for cable cores consist in sim- 
plifying and facilitating the fanning out of cables in their installation process, 
as well as in increasing the labor productivity in the production process. 

The partly achieved increase of the number of circuits in air-space 
cables (paper-plastic, tubular-paper) did still not solve the problem of 
lead economy. In 1948, a combined metal-plastic two-layer alpet (alumi- 
num-polyethylene) sheathing was developed replacing the lead, and in 1951, 
an improved three-layer stalpet (steel-aluminum-polyethylene) sheathing 
was put out. 

At present, the alpet sheathing, which consists of a 2 mm corrugated 
aluminum band and polyethylene jacket superimposed lengthwise (with 
coverage) on the cable core, is applied in cables with nonhygroscopic plastic 
insulation. Hygroscopic air-space cables are protected by a stalpet sheath 
consisting of two corrugated bands: a 0.2 mm aluminum band and 0.17- 
0.18 mm galvanized steel band superimposed lengthwise on the cable core, 
and an outer polyethylene jacket. Whereas the lower aluminum band is laid 
with a small gap between its edges, the upper steel band, on the contrary, 
is laid with no gap. The longitudinal joint of the steel band is soldered. 

The usefulness of the partical replacement of copper current-carrying 
cable conductors with aluminum ones is dictated, on one hand, by the cop- 
per shortage, and on the other by the abundance of aluminum in nature, its 
light weight and relatively high electroconductivity. Nevertheless, in view 
of the higher specific resistance of aluminum as compared with copper, in 
order to retain unchanged the resistance value of the electric conductors, 
and consequently the attenuation constant of the cable, it was necessary to 
increase the cross sectional area of the aluminum conductors 1.6 to 1.65 
times. 

In replacing copper conductors by aluminum ones and in increasing 
correspondingly the thickness of the insulation in order to retain the same 
operating copacity of the circuits, the total cable diameter increases by 
30 to 35 percent. As a result, the problem of replacing copper conductors 
by aluminum ones should be solved in conjunction with the problem of re- 
placing lead sheathing by aluminum or combination metal-plastic one. 
Otherwise, the saving of copper will entail an overconsumption of lead run- 
ning to approximately 30 to 35 percent. 

Should aluminum conductors and aluminum or metal-plastic cable 
sheathing be used, then in spite of their large size, such cables will be 2 to 
3 times lighter in weight than cables with copper conductors and lead sheath- 
ing. 

Of great importance in the development of city telephone cables is the 
increasingly widening transition from air-space insulation to polyethylene. 
The application of nonhygroscopic polyethylene insulation makes it possible 
to entirely give up moisture-resistant metallic sheathing for cables and to 
confine ourselves to plastic sheathing. Since the equivalent specific induc- 
tive capacitance of solid polyethylene insulation is on the average 30 percent 
higher than that of air-space insulation, it is natural that, with respect to 
their operating capacities, polyethylene insulated cables have a larger 
diameter than air-space cables. However, owing to the substantially 
smaller specific gravity of polyethylene as compared with lead, the former 
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cables weigh 1.5 to 2 times less than the latter. The replacement of lead 
sheathing with plastic increases the pliability of the cable, its resistance 
to electrochemical corrosion and the action of vibration stresses. 

If at the beginning of the 50's polyethylene insulation was considered 
expedient only for small-capacity cables, consisting of 50 to 100 pairs, 
present polyethylene insulated telephone cables in cities contain up to 800 
to 900 pairs and are produced with 0.4, 0.5 and 0.65 mm copper conduc- 
tors. The insulation thickness is 0.2 to 0.4 mm. Large-capacity cables 
consist mostly of 25 pair bunches, all pairs of which have various lays. 
The cable sheath can consist of polyvinyl chloride or polyethylene; it can 
be alpet type, or "pap" type (polyethylene-aluminum-polyethylene) . 

The consumption of polyethylene can be kept down along with the size 
and weight of the cable and consequently its cost reduced, by the application 
of porous polyethylene insulation, whose specific inductive capacitance is 
equivalent to that of air-space insulation. 


TRUNK CABLES 


a) Balanced Cables. In the past few years a number of changes took 
place in the design, production and application of balanced trunk cables. 
This pertains in the first place to conductor and insulation materials, the 
introduction of new types of sheathings, the creation of a number of cable 
types for specific use (for railroads, electrified to operate on alternating 
current, gas and petroleum pipelines etc.), and finally, the broadening of 
the frequency spectrum for balanced circuits. 

Up to 1940, 0.8 to 1.4 mm copper wire constituted the basic type of 
current-carrying conductor. During the war, as well as after, aluminum 
conductors with aluminum, plastic or combination metal-plastic sheathing 
began to find application. 

If before the war the basic type of insulation was paper-rope insula- 
tion, after the war, in addition to it, styroflex and polyethylene were suc- 
cessfully applied. 

Besides its high electrical characteristics (in particular, very small 
dielectric loss and very wide frequency band), styroflex is characterized 
by one more very important property-incompressibility. From this follows 
the small influence between circuits at relatively low equivalent specific 
inductive capacitance (1.35 for cables with styroflex-rope insulation in- 
stead of 1.45 for cables of the same size using paper-rope insulation) . The 
advantages of cables with styroflex-rope insulation as compared with paper- 
rope insulated cables constantly increase as the spectrum of the transmitted 
frequencies is broadened. 

Polyethylene is applied to produce compact, porous and so-called 
'shell-type'' insulation. Balanced high-frequency cables with compact 
polyethylene insulation are made with 1, 4, 7 and 12 quads. ; 

The high qualities of cables with compact polyethylene insulation 
include such features as high resistance of the insulation and improved 
electric strength as compared with paper-rope insulated cables (10 kilo- 
volts for cableswith compact polyethylene insulation versus 3.5 kilovolts 
for cables with paper-rope insulation). 2 

The application of porous polyethylene makes it possible to combine 
the qualities of compact insulation (nonhygroscopicity and incompressibility) 
with the advantages of styroflex-air insulation (inclusion of a large quantity 
of gas into the total insulation volume). Porous polyethylene, applied as 
insulation for conductors in trunk cables contains about 50 percent gas, has 
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a specific inductive capacitance of 1.4 (for compact polyethylene itis 2.3) : 

Thanks to the above features, the thickness of the insulating layer in 
trunk cables with porous insulation, made up of 0.65 and 0.9 mm copper 
conductors, is 35 mm (these cables contain up to 27 quads). ; 

Recently, a new variety of insulation based on polyethylene made its 
appearance and is being used in balanced as well as coaxial cables. This 
insulation consists of a thin-wall polyethylene tube 5 to 9 mm in diameter, 
containing a small-capacity conductor which is freely placed. In order to 
center the conductor inside the tube, the latter is squeezed periodically 
(every 12 to 18 mm) around the conductor. This type of insulation, which 
is called 'shell-type’, ensures high electric strength (6 kilovolts for direct 
current) and a very low specific inductive capacitance (1.2). 

For the past few years, trunk cables with nonmetallic sheathing and 
aluminum and steel sheathing applied instead of lead have been in use. The 
application of nonmetallic sheathing for trunk cables is also expedient when 
used in combination with nonhygroscopic plastic insulation. 

To protect trunk cables against the effects of alternating current used 
in electric railroads, the total protective factor of the moisture-resistant 
sheathing and armoring should not exceed 0.1. If lead is to be applied as 
material for the moisture-resistant sheathing, then in order to achieve the 
required total protective factor, the cable armoring is made of material 
with high magnetic induction properties (3000 to 5000 gauss per oersted). 
Where lead sheathing is replaced by aluminum, the protective effect of the 
sheathing increases sharply and the required protective factor is ensured 
even if the cables are armored with low-carbon steel ribbons. 

To protect cables against destructive lightning currents, a two-lay 
lead sheathing, consisting of lead and polyethylene, was developed. A 2 
mm thick polyethylene jacket is superimposed on the twisted cable core; 
next comes a thin lead sheath. The high pulse strength of polyethylene 
ensures proper protection for the cable against lightning surges in regions 
with low or average specific ground resistance. The replacement of the 
lead: sheathing with aluminum ensures protection for the cable against 
lightning surges without having to reinforce its standard insulation or the 
protective strand layings running parallel to the cable. A deficiency of 
communication cables with aluminum sheathing as compared with lead- 
lined cables is their smaller flexibility. In order to eliminate this defi- 
ciency and to reduce the consumption of aluminum, thin corrugated alu- 
minum sheathing is being used. These sheathings are characterized by a 
wide spiral corrugation about 1/10 of the cable diameter deep and 10 to 20 
mm wide. The corrugation increased the pliability of the cable and made 
it possible to reduce its thickness 2 to 3 times. 

Beginning with 1950, a number of countries initiated the production 
of cables with steel corrugated sheathing, protecting the core against 
moisture as well as mechanical damage. The thickness of steel sheathing 
is considerably smaller than those of aluminum or lead. 

Corrugated steel sheathing withstands 20-180° bends on a rod, whose 
diameter is 15 times the cable's outer diameter, and high internal pressures 
(8.5 atmospheres for 16 hours). Presently, steel sheathing is carried out 
in the form of a crimp built up on a screw path. The depth of the crimp is 
about 15 times the cable diameter. In those cases, where a cable of higher 
pliability is required the crimp is being increased in depth. 

Cables in steel corrugated sheathing do not require armor and can be 
used for underground laying, overhead suspension to messenger cables, 
submarine purposes or for laying in conduits. Where the necessity arises 
for using these cables in corrosive surroundings, they are provided with a 
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plastic jacket of polyvinyl chloride or polyethylene, which protects them 
against corrosion. 

b) Coaxial Cables. In the postwar years, a 2.6/9.5 mm coaxial pair 
with disk polyethylene insulation, standardized by the International Tele- 
graphy and Telephony Consultative Committee, became universally known. 
Main cables usually contain 1, 2, 4, 6 and 8 standardized coaxial pairs 
and a certain number of spiral-quad balanced circuits. 

Modern multiplexing systems for coaxial cables are designed for the 
use of frequency band in the range from 300 to 4000 or up to 8500 kilocycles. 
The first case offers the possibility of transmitting 900 to 960 telephone 
conversations or one black and white television channel; the second case 
allows transmission of 1800 to 1920 telephone conversations or 360 to 600 
telephone conversations and one black and white, or color television pro- 
gram simultaneously. The total extent of coaxial main cables installed 
throughout the world is approaching 75, 000 kilometers. 

The high cost of 2.6/9.5 mm coaxial pairs and terminal equipment 
makes their use feasible on long lines only, and where a very large number 
of telephone channels is required and television transmission is considered. 

In connection with this, beginning with 1955, cheaper and smaller 
(thinner) coaxial pairs have been developed. They are designed in the 
first place for transmitting several hundred telephone channels at relatively 
short distance (of the order of several hundred kilometers). 

In accordance with preliminary ITTCC recommendations, the com- 
munication system based onsmall-size coaxial cables is designed for 
handling 300 telephone channels in the frequency spectrum of 60 to 1300 
kilocycles. 

In conformance with these recommendations, a number of countries 
has developed various designs of small coaxial cables ranging in size from 
0.9/3.2 mm to 1.3/6.14 mm. The pair insulation consists of polyethylene 
rope and a ribbon, a laying of compact or porous polyethylene in "'shell'' 
form. 

The most successful version should be considered the design carried 
out of two steel ribbons, coated with a thin copper layer. 

Where K-300 type semiconductor line repeaters are used, the average 
‘length of the repeater section is six kilometers. Further, by dividing the 
repeater section in two, multiplexing of miniature size pairs in the fre- 
quency spectrum up to 4 megacycles is considered for the purpose of obtain- 
ing up to 900 to 960 communication channels. The problem of applying, in 
the case of miniature coaxial cables, the developed multiplexing system 
in the frequency spectrum of 12 megacycles, is also under consideration. 
In connection with this, the repeater section will be reduced to 1.5 kilo- 

'meters. 

It is obvious that miniaturized coaxial cables, which offer the possi- 
bility of obtaining a large number of telephone channels and prospects for 
television transmission at relatively low cost, are a very advanced type of 


trunk cable. 


SUBMARINE CABLES 


The basic constructive improvement of submarine cables lies in the 
universal transition from gutta-percha insulation, used over a period of 
nearly 100 years, to polyethylene, which offers the possibility of widening 


the frequency spectrum of the cable. 
This led also to the creation of underwater tube line repeaters. Due 
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to their rigid construction, the first underwater two-way repeaters could 
be built into the cable only when the latter was submerged in relatively 
shallow water (up to 500 meters deep). In order to render the construction 
of submarine telephone communication facilities independent of the depth of 
the route, in 1950, flexible deep-water one-way repeaters, which can be 
built into the cable during the latter's production, were designed. The ad- 
vance of the cable and electronic technology made it possible in 1955-1956, 
exactly 100 years after the first attempt had been made to lay a trans- 
Atlantic telegraph cable, to install a 4000 kilometer trans-Atlantic cable 
between Europe and America. This was followed by the laying of the 
Pacific telephone cable and then, a second trans-Atlantic cable, 

Thus, the problem of stable, multichannel, trans-ocean telephone 

communication, unaffected by atmospheric disturbances, was solved. 

The plane of the next decade calls for the installation abroad of 

50, 000 kilometers of underwater telephone lines, which will encircle the 
entire world. At present, the total length of existing submarine long-dis- 
tance high-frequency cables exceeds 30,000 kilometers. These lines have 
about 500 built-in submarine tube line repeaters, including nearly 400 of 
the deep-water type. 

The basic type of submarine telephone cable is the 4.1/15.75 mm 
coaxial cable with compact insulation made of polyethylene of high molec- 
ular weight with a 5 percent addition of butyl rubber or polyisobutylene. 
The inside conductor consists of a central copper wire superimposed by 
three twisted copper strips; the outer conductor consists of six spiral-like 
superimposed narrow copper bands, tied with wide copper and polyethlene 
bands. 

Deep sea routes are served by two-cable communication systems; 
shallow water routes are served by single cables with two-way frequency 
distribution achieved by means of filters. Submarine tube line repeaters 
are supplied with direct current at 2000-2500 volts, fed from both ends of 
the line through the inside conductor. At the beginning of the 50's a deep- 
sea, light, armorless telephone cable was developed, whose inner con- 
ductor carries in its center a strand with steel wires. The steel strand 
is superimposed by a side folded copper band, which forms the inner con- 
ductor. 

Together with advance in the design and improvement of the char- 
acter of communication cables, consistent progress is being made in the 
production and utilization of cable lines. The laying of cables is carried 
out mechanically by means of cable-layers. Higher reliability of cables 
in use can be achieved by keeping the cables under excess internal gas 
pressure. For detection of damage points, in addition to electrical methods, 
new methods based on the application of radioactive and indicator gases 
are being introduced. 


Received November 26, 1960 
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BRIEF COMMUNICATIONS 


COMPOSITE EMITTER REPEATER 


V.1. Goldhefter 


The circuit diagram of the composite emitter repeater, described 
below, and consisting of type p-n-p and n-p-n triodes, is characterized by 
very low input and output impedances. The temperature stability of the 
circuit is high on account of the negative direct current feedback. 

The emitter current of type p-n-p triode T, passes through the load 
resistance Ry, and the collector current is the base current of type n-p-n 
triode T,. The collector current of triode T, equals the input current mul- 
tiplied by the product of the current amplification factors of the circuit. 
with grounded emitter for triodes T, and T,. The voltage drop across the 
load resistance Ry, compensates for the voltage variation between the base 
and emitter of triode T;, i.e., the input and output are encompassed by a 
100 percent negative feedback. 

Let us examine the basic qualitative relations in the circuit diagram 
presented in Figure 1. 

Let us assume that, the input volt- 
age of the circuit Ujn is increased by AUin. 
This voltage increase causes an increase 
of the triode base current Aly, = AUjy/Rin, 
where Rjy is the input impedance of the 
circuit. It is known that, the current in 
ithe ponlectun circuit of triode T; is equal 
to AIK, = sts, where a; is the current Ujp 


amplification factor of triode T, inacircuit 
with grounded base. However, the collec- 
tor current of triode T, equals the base Figure 1 
current of triode T, (omitting the by-pass 

_ action of the resistance). Correspondingly, the collector current of the 
second triode is 


ay a9 


y, 2 = 
Alo = Albo as Alby laa he ree 
Since the current Al,, passing through the load is considerably higher 
than the emitter current of triode T; (a2 (1 - a») times), we may write 
“172 (1) 
(1 — a4) (1 — 22) 


But the increase of the input current Aljpy is equal to the voltage in- 


crease between the base and emitter of triode T;, divided by the resistor 
of that triode between the base and emitter 


al 


SONG 
Rbe " 
ti AUin— AILRL ’ (2) 
Rbe 
In substituting the value of load current ATy, from (1) and (2), we 
shall find the repeater input impedance 


Ain = 


SU in 
co ha = Rpet+ 
Rin Min be 
A RL 
Roe lay. (3) 


Similarly, we find the repeater factor 
4Uin _ 4finRin _ 
AUout = Mout RL 


Ka 


The input impedance for the circuit diagram in Figure 1, with a load 
resistor of 500 ohms and with unmatched triodes, is 0.5 megohms. Inthe 
case of triodes, matched according to the low residual current and high 
amplification factor, the input impedance is 1.5 megohms, and the output 
impedance was 12 ohms. The resistor Re serves for compensating the 
initial collector current of triode T,;. The transfer constant Ct is close 
to 1 down to 200 kilocycles; however, the input impedance decrease in the 
case of higher frequencies. The transfer factor remains constant within 
a wide range of temperatures. 

It is worth noting that, a cathode repeater, with an input impedance 
of 12 ohms, should have a transconductance S +83 milliamperes per volt. 

Thanks to its high qualities, the described circuit can find wide 
application in semiconductor triode amplifiers. 


Fébruary 20, 1960 


NEW TELEVISION ANTENNA COAXIAL CABLES 


V.V. Gavrilyuk, A.N. Malochinskaya, V.A. Aron 


The rapid development of television networks calls for the develop- 
ment and wide distribution of economical mass-reception television systems 
in cities, and economical cable systems for individual television receiving 
antennas. 

Up to 1958, the above aims were basically realized by the application 
of expensive radio-frequency type RK-1, KVT-1, RK-3, KVT-3 cables. 
Beginning with 1958, new type KVT-1P and KVT-3P cables, with porous 
polyethylene insulation replacing the old solid one, began to make their 
appearance, saving 70 percent of the polyethylene consumed earlier. 
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However, the consumption of copper for these cables was still substantial, 
and the cable production output low. 

In 1958-1959, new antenna cables for mass-reception television 
systems as well as for individual reception were developed. These cables, 
presently produced in series, have the following design features. 

KPTA subscriber's cable (receiving, television, subscriber cable). 
The inner conductor consists of 0.52 mm copper wire; the diameter of the 
porous polyethylene insulation is 2.4 mm; the outer conductor is in the 
form of a braiding of copper wires of 0.15 mm in diameter; the sheathing 
is of polyvinyl chloride and 0.5 mm thick; outer diameter of the cable is 
4.0 mm; its weight 24 kilograms per kilometer. 

KPTA-1!, Design is similar to that of type KPTA cable. The only 
difference is that the braiding of the outer conductor consists of 0.15 mm 
copper conductors. 

KPTM (receiving, television, main). The inner conductor consists 
of 1.13 mm copper wire; the diameter of the porous polyethylene insulation 
is 5.2 mm; the outer conductor in the form of a braiding of copper wires 
of 0.15 mm in diameter; the sheathing is of polyvinyl chloride and 0.6 mm 
thick; the outer diameter of the cable is 7.0 mm; its weight is 60 kilograms 
per kilometer. 

KPTO branch cable (receiving, television, branch cable). The center 
conductor consists of 1.0 mm copper wire; the latter is surrounded about 
its periphery by a 5.1 mm ring consisting of six uniformly distributed 
copper conductors of 0.52 mm diameter each and with a 1.9 mm insulation; 
the insulation of the cable is polyethylene 7.0 mm in diameter; the cable 
shield is made in the form of a braiding consisting of copper conductors; 
the cable sheathing of polyethylene plastic 0.7 mm in diameter; the total 
cable diameter is 9.0 mm; its weight is 109 kilograms per kilometer. 

The design data and electrical calculations for the television antenna 
cables, as well as their test dataare presented in Tables 1, 2 and in Fig- 
mnes, lo. 


1The cable is produced experimentally. 
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The above tables and figures show that the measured values of the 
attenuation constant of the type KPTA and KPTM cables closely coincide 
with the calculated ones. As far as the 
characteristic impedance values of 
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for type KPTA, KPTM and RK-3 cables (Figure 5). If the value of the 
traveling wave ratio for type RK-3 and KPTA cables is practically above 
0.88 to 0.89, then for two of the three tested type KPTM cable specimens 
this coefficient is 0.8. The latter testifies to the heterogeneity of the 
KPTM cable in the testing lot as compared with the KPTA cable, which is 
obvious from the distribution characteristic of impedance (Figure 4). 


Quantity of 
yes ; Required technical 
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' 
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The analysis of the obtained data shows that the introduction of new 
cables in place of the hitherto applied types RK-1 (KVT-1) and RK-3 
(KVT-3) cables, produces great economic and technical results with re- 
spect to the saving of copper (47 to 75 percent), polyvinyl chloride (75 
percent) and polyethylene (85 percent), as wellas with respect to cost 
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reduction (factor of 2 or 3). ; 

For conductors and braiding for the outer conductor (or shield) of 
types KPTA-1, KPTA, KPTM and KPTO cables, it is still expedient to 
use bimetallic wire instead of copper wire, which increases the mechanical 
stability of the cables and makes it possible to reduce the consumption of 
difficultly available copper by an additional 30 to 40 percent. 


October 26, 1960 


REVIEW 


SHIE LDING OF EQUIPMENT AND COMMUNICATION CABLES 


I.I. Grodnyev and K. Ya. Sergeychuk 
Svyaz'izdat, 1960 
316 pages 


Shielding is a radical means of protection against outside noises and 
mutual interference in modern radio technology and electrocommunications. 

The protection of rediffusion apparatus and circuits against mutual 
interference as well as the influence of outside radio stations, industrial 
interference sources, electrical transmission lines, electrified railways 
and other sources of hazardous and interfering influences, can be achieved 
by means of electromagnetic screens. 

The reviewed book investigates electromagnetic shields of cylindrical, 
flat and spherical construction by the ''wave method" and offers mathema- 
tical material for electrical calculations and design of single-layer and 
multilayer shields for communication equipment and cables. 

The book contains theory as well as a large amount of experimental 
data, especially on multilayer and electrically heterogeneous shields. The 
theory and supporting experimental data must be considered a great assest 
to the book. The work explains very convincingly and instructively the 
physical processes which take place in shields. Another quality of the book 
is the presence of substantiated suggestions on the design of shields for 
modern apparatus and thos used in cable technology. 

The following remarks should be made with respect to the short- 

comings of the reviewed book: 1. In a number of chapters (reaction of 
shieldings, shields with slots, spliced circuits etc.) the mathematical 
material is complex and not brought to the engineering level suitable for 
practical purposes. 2. In chapter VI, which pertains to shielding of 
apparatus, the basic methods for calculating the shieldings are absent. 
3. The work does not take into consideration specific calculations and the 
designing of electromagnetic shields for radio-frequency bandwidths (in- 
cluding very short waves and microwaves). 4. Shielding chambers of 
brid construction do not get adequate treatment. 

These shortcomings should be taken into considerations when the 
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book is republished. More detailed calculating and design methods for 
shields in the ultrashort-wave and microwave ranges should be set forth. 

On the whole the reviewed book is a valuable work on the shielding 
of communication apparatus and cables and it will find a wide audience 
among radio and cable communication specialists. The book is very well 
printed and edited. 

It is the first Soviet monograph on the above subject and its publica- 
tion should be well received. 


V.O. Shvartsman 
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Class 21a’, 71. No. 129247. V.L. Burdo and B.P. Kondrat'yev. 
Attenuation measuring device. 

Class 21a’, 71. No. 129248. Yu. F. Korkunov. Method of trans- 
mitting a signal of standard frequency and phase to distant points. 

Class 21a*, 71. No. 129249. V.R. Lopan'. Electrodynamic am- 
meter. 

Class 2la*, 71. No. 129251. V.I. Simakovi, L.V. Vvedenskiy. 
Method of measuring the irregularities of frequency characteristics. 

Class 21b, 273. No. 128917. G.V. Samsonov and P.S. Kislyy. 
Thermocouple. 

Class 21c, 6859. No. 128932. M.G. Savchenko. Alternating cur- 
rent electromagnet. 

Class 21d, 42,,. No. 129253. V.G. Nalivkin. Transistor voltage 
stabilizer for supplying the luminaire and multiplier phototube of photo- 

_ telegraph equipment. 

Class 21d’, 1293. No. 128530. L.G. Skiba and Yu. A. Sidorov. 
Direct current converter. 

Class 21d*, 1293. No. 128933. Refers to Author's Certificate No. 
128933. O.1.G. ogly Khasayev. Apparatus for converting direct current 
into three-phase alternating current. 

Class 2le, 26),. No. 129255. P.A. Zaran and A.A. Malyshev. 
Electric capacitance decade unit. 

Class 21le, 29g. No. 128937. K.A. Netrebenko. Electrical alter- 
nating current bridge. 

Class 2le, 3693. No. 128938. Yu. A. Skripnik and P.P. Ornatskiy 
Device for measuring small phase angle deflection from the 90° phase shift 
of two alternating voltages. 

Class 21g, 133. No. 128945. M.I. Gryaznov, S.I. Luzhin, P.S. 
Seleznev and P.A. Tarasov. Image displacement device. 

Class 21g, 34. No. 128541. V.I. Lukin. Electromechanical band 
filter for low-frequency electrical oscillations. 

Class 21g, 38. No. 128951. O.1.G. ogly Khasayev. Full-wave 
multivibrator. 

Class 21g, 38. No. 128952. V.A. Il'in. Pulse generator. 

Class 42d, 1,4. No. 129030. R.G. Karpov. Device for obtaining 
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the difference of two pulse sequences. 

Class 42d,10. No. 128622. L.I. Aristarkhov. Calculating (adding) 
device. , 

Class 42g, 109;. No. 129361. A.M. Sherman and A.I. Viches. 
Multigroove magnetic head. 

Class 42m, 14. No. 128664. B.S. Baranov. Master memory 
system. 

Class 42m, 14. No. 128665. L.M. Gorenstein. Binary- reflex code 
electronic computer. ; 

Class 42m, 14. No. 128666. A.N. Rafalovich and A.E, Ashman. 
Method of dividing time intervals and device for its realization. 

Class 42m, 14. No. 129062. G.M. Vedeneyev. Transistor key 
circuit. 

Class 42m, 14. No. 129387. M.I. Petrunkhin and D.P. Losev. 
Dynamic trigger. é 

Class 42m, 14. No. 129388. Refers to Author's Certificate No. 
114813. B.I. Strelkov. Trigger device. 

Class 42m, 14. No. 129389. A.F. Vladimirov. Ferrite-transisior 
frequency divider. 

Class 42m, 14. No. 129319. M.A. Kartsev. Multiplying device. 

Class 42m, 14. No. 129391. V.E. Bandura. Matrix-type memory 
device. 

Class 42m, 14. No. 129392. M.A. Kartsev, V.L. Braylovskiy, 
Yu. N. Glukhov, A.V. Datsko, E.F. Stupin and G.I. Tanetov. Static irig- 

exe 
2 Class 42m, 14. No. 129393. E.A. Chernyavskiy, D.A. Pozdeyev 
and N.A. Smirnov. Converter of AC voltage amplitude to digital form. 

Class 42m, 14. No. 129395. L.M. Horenstein, L.A. Golubev, 
M.1I. Petrukhin and P.N.Fogt. Pulse-potential transformer coincidence 
circuit. 

Class 21a!, 321.. No. 132663. D.A. Novik. Method of recording 
and reproducing of optical images. 

Class 21a!, 324). No. 132664. Foreigners Herlich, Paul, Kross, 
Alfred and Dietzel, Gisbert (German Democratic Republic). Selenium 
photoelement. 

Class 21a!, 34,,. No. 132665. Yu. M. Braude - Zolotarev. Tele- 
vision signal transcription method. 

Class 21a!, 36. No. 132666. O.N. Timakhov. Pulse duration 
selector. 

Class 21a!, 36. No. 123667. L.N. Bykov. Relaxation pulse genera- 
tor. 

Class 21a’, 14. No. 132668. I.I1. Shumyanskiy and A.V. Utochkin. 
Method of producing two audiofrequency voltages shifted by 90° with respect 
to one another and the device for its realization. 

Class 21a?, 189g. No. 132272. L.N. Kiselev. Magnetic amplifier. 

Class 21a”, 18g. No. 132669. L.N. Knots. RC oscillator. 

Class 21a’, 32). No. 132670. L. Ya.Eydel'man. Recording device 
code locator. 

Class 21a’, 664). No. 132273, Sh. G. Solov'yev. Through transmis- 
sion method for dialing pulses with bypassing of the differential system. 

Class 21a’, 892. No. 132672. B.V. Kryanev. Automatic frequency 
control method. 


Class 21a‘, 89. No. 132673. Yu. V. Geysman. Electrical oscilla- 
tions generator. 


Class 21a‘, 99. No. 132674. S.E. London. Device for adding the 
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capacities of several oscillators. 
; Class 21a‘, 991. No. 132675. E.I. Smirnitskiy and V.A. Orlov. 
Radio transmitter with discrete frequency spectrum. 
Class 21a‘, 10. No, 132676. I.G. Vasin. Bracing device for 
piezoelectric resonator elements. 

Class 21a‘, 13. No. 132677. A.A. Vavilov, A.I, Solodovnikov and 
F.F. Kotchenko. Electronic generator for infralow-frequency sinusoidal 
oscillations. 

Class 21a*, 14). No. 132274. V.E. Nakhmanovich. Method of 
obtaining frequency-modulated signals with higher frequency stability. 

Class 21a‘, 14). No. 132678. L.M. Rogov. Method of eliminating 
overvoltages on pulse modulator thyratrons, 

Class 21a‘, 14). No. 132679. L.Z. Barabash. Frequency modulator. 

Class 21a*, 229. No. 132680. N.I. Kalashnikov and V.A. Smirnov. 
Method of radio communicating via the moon, 

Class 21a*, 22);. No. 132681. M.A. Ushakov. Method of nonlinear 
wide-band frequency modulation. 

Class 21a‘, 23. No. 132682. M.I. Kuznetsov. Transistorized phase 
demodulator. 

Class 21a*, 299. No. 132683. V.A. Baramidze. Wide-band ampli- 
fier with resistance coupling and automatic zero drift compensation. 

Class 21a‘, 353.. No. 132275. S.D. Dodik and 1I.N. Livshits - 
Shestova. Overvoltage protection device for transistors. 

Class 21at, 354,. No. 133081. I.G. Gol'dreer and Yu. V. Afanas'ev. 
Voltage stabilizer. 

Class 21a, 42. No. 132684. B.A. Tonokanov and R.G. Novikov. 
Phase-sensitive full-wave amplifier. 

Class 214, 48,. No. 132686. M.V. Persikov. Hp wave filter. 

Class 21a’, 48,9. No. 132687. Refers to Author's Certificate No. 
130933. D.1I. Mirovitskiy and G.G. Valeyev. Hybrid connection for super- 
1igh-frequency waveband. 

Class 21a*, 4873. No. 132688, V.I. Zhitomirskiy and N.V. Khom- 
yakov. Pulse selector with given interval range between them. 

Class 21a’, 65. No. 132689. Refers to Author's Certificate No. 
97749. G.D. Shemanayev. Device for automatic prologation maintaining 
xynphasing, electrical oscillations of two independent generators. 

Class 21a4, 68. No. 132690. I.M. Shenbrot. Method of selective 
switching of inductors. 

Class 21a, 71. No. 132276. V.S. Khabi. Method of measuring 
2/Q characteristics of cavity resonators with gridless gap by means of 
otroducing a dielectric. 

Class 21a*, 71. No. 132692. I.G. Katayev. Method of measuring 
_eak through superhigh voltage capacitances and device for its realization. 

Class. 21a*, 71. No. 132693. S.G. Salomakhin and N.S. Moiseyev. 
WR counter with phase inverter and stationary indicator. 

Class 21a4, 71. No. 132694. L.G. Koshcheyev. Device for fre- 
uency limitation of sinusoidal oscillations. 

Class 21a!, 729. No. 132695. L.A. Davidovskiy, E.A. Rudinkina 
ad Yu. L. Bormotovy. Low-frequency multiposition disk switch. 

Class 21c, 399. No. 132697. N.G. Mordukhovich and Yu. L. Bor- 
.otov. Miniature high-frequency multiposition switch. 

Class 21e, 11,). No. 133112. G.I. Osipov. Electrical discrimina- 
ir of oscillograms. 

Class 21e, 12. No. 132323. Yu. K. Petrov and V.A, Vizir. 
ethod of measuring the intensity of a pulse magnetic field. 
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Class 2le, 12. No. 133113. V.V. Magidson and V. Yu. Chudnov- 
skiy. Method of compensating a parasitic signal in the electrode circuit 
of a Hall transducer. 

Class 2le, 259;. No. 133115. A.A. Kol'tsov. Magnetoelectric 
zero measuring device. 

Class 2le, 289). No. 133116. B.P. Friedman. Electronic four- 
channel commutator. 

Class 2le, 299. No. 133117. M.A. Kaganov and I.S. Lisker. 
Method for determining the specific and contact resistance of semiconductor 
materials. 

Class 2le, 2993. No. 132325. M.A. Kaganov and1I.S. Mikhlin. 
Method of measuring the insulation resistance of condensers. 

Class 2le, 29 93. No. 132326. V.M. Neiman. Inductance and capa- 
citance measuring device. 

Class 21 e, 299,. No. 132327. P.I. Komendantov. Short-circuited 
winding detection device. 

Class 21e, 304). No. 133120. R.D. Baglay. Method of amplifying 
direct or slowly changing voltages. 

Class 2le, 31. No. 132328. V.E. Kazanskiy and N.N. Bryukov. 
Magnetoelectric detector voltmeter. 

Class 2le, 36. No. 132714. P.N. Kulakov and E.L. Orlovskiy. 
Method of determining the half-tone characteristic of a television system. 

Class 2le, 369;. No. 132329. M.S. Rotman. Indicator of electric 
voltage deviation from an established value. 

Class 2le, 36 9,. No. 132330. L.D. Gik. Device for measuring the 
ratio of two alternating voltages. 

Class 2le, 36),. No. 133121. V.A. Gorelits, Yu. A. Sidorov and 
L.G. Skiba. Direct current transformer. 

Class 2le, 3693. No. 132331. L.M. Volovich. Method of measuring 
the phase shift angle between two alternating sinusoidal voltages. 

Class 2le, 3693. No. 132333, A.E. Bartmer. Method of measuring 
the phase shift by means of digital and pulse phase meters. 
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FOREIGN PATENTS! 


ENGLISH PATENT, class 39(1), No. 837977, 22.06.60. Phillips. 
Deflecting devices. [Phillips (The Plessey Co. Ltd.) Improvements in or 
relating to television scanning devices]. 

A television deflecting system with saddle-shaped horizontal coils 
is presented. The vertical coils are wound in the slots of a ferrite ring as 
in the case of an electric motor. 

USA PATENT, class 178-7. 1, No. 2930846, 29.03.60. Jose Robert. 
Terminating cascade. [Jose Robert (Radio Corp. of America) Television 
transmission]. 

Circuit is given for the output stage of a video amplifier in a 
television transmitter in which control-grid voltage is tied. Such a circuit 
makes it possible to retain the power level of the television transmitter 
during transmitting of synchronizing pulses at variations of the video signal 
direct components within the required range (from black to white). 

GERMAN (FGR) PATENT, class 21a!, 35/30, (H 04, f, n), No. 
973367, 04.02.60. Jauernik. Forming of synchronizing pulses. 
[Jauernik (Fernseh G. m. b. H.) Verfahren zur Formierung von Fern- 
sehsynchronsignalen ] . 

A method of separating a required group of pulses from their 
infinite series by means of monostable multivibrator is proposed. For 
this purpose, the utilization of square-wave pulses, obtained through 
dividing and forming from the same master oscillator, which synchronizes 
the basic pulse series, is suggested. 

USA PATENT, class 178-30, No. 2933559, 29.03.60. Fathauer. 
Synchronizing pulse generator. [Fathauer (Thompson Ramo Wooldridge, 
Inc.) Television synchronizing pulse generator]. 

A synchronizing generator circuit free from parasitic connections 
between its elements is presented. The circuit diagram contains 22 double 
triodes and one delay line. 

USA PATENT, class 178-30, No. 2933559, 19.04.60. Campbell. 
Symbol writing recorder. [Campbell. Symbol writing recorder]. 

A device is proposed for recording of letters, numerals etc. by 
the mosaic method on electrosensitive paper — teledeltes. The recording 
_ device consists of a comb which slides on the paper surface. The comb is 

provided with five pins, each one of which receives from one to six pulses 
~ depending on the symbol circuit. 
ENGLISH PATENT, class 40(3), No. 847369, 07.09.60. Quinn. 
Device with dichroic mirrors. [Quinn (Electric and Musical Industries 


1Photocopies of patents (description in the original language, draw- 
ings) may be obtained in person or by sending a money order to the All- 
Union Patent-Technical Library of the Committee for Inventions and Dis- 
coveries, USSR Council of Ministers, Moscow Center, Serov Lane No. 4, 
Entrance 7a. For information call B 8-64-52 or B 3-09-67 (laboratory) . 
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Ltd.) Improvements in or relating to apparatus incorporating a dichroic 
mirror]. 

A method of correcting the distortion of the white field in the 
dichroic mirrors of color telefilm transmitters is put forward. The cor- 
rection is carried out by feeding the horizontal frequency voltage of corre- 
sponding form to a 12-dynode multiplier phototube, containing of 13 dynodes 
in all. 

FRENCH PATENT, class H 041, No. 1225631, 01.07.60. Sourgens. 
Electronic printing telegraph with coding device. [Sourgens. Téléim- 
primeur électronique chiffrant]. 

An electronic printing telegraph with built in coding device is 
presented. The transmitting part of the device consists of a 32-key key- 
board, diode coding matrix, two dialing stages, multivibrator, coder, 
time scanning circuit, scanning circuit of the start-stop cycle. The re- 
ceiving part of the apparatus consists of an input circuit, time scanning 
circuit, one dialing stage and the receiver proper. The latter consists of 
a decoder and amplifier stage which actuates the print magnet. 

ENGLISH PATENT, class 38(2), No. 842912, 27.07.60. Sewell. 
Pulse generator. [Sewell (The British Thomson-Houston Co.) Improve- 
ments relating to electrical pulse generating apparatus ]. 

A method for obtaining unidirectional pulses from a generator of 
two-phase various polarity pulses is proposed. The circuit contains two pulse 
transformers with cores, using material with rectangular hysteresis loop. 

USA PATENT, class 307-93, No. 2928956, 15.03.60. Martin. 
Overload protection of pulsed systems. [Martin ( United States of America 
as represented by the Secretary of the Navy) Electronic overload protection 
for pulsed systems]. 

A device designed for protecting pulsed circuits against short 
circuits is proposed. It consists of diode and thyratron with auxiliary 
supply source. 

GERMAN (FGR) PATENT, class 21a! 5/02, (H 04 1), No. 1047243, 
02.07.59. Schtissler. Print control circuits. [Schtissler (Siemens and 
Halske Akt. Ges). Schaltungsarordnung zum Mitschreiben. Von tonfre- 
quenten Fernschreibnachrichten mit unterschiedlicher Sendeund Empfangs- 
frequenz]. 

Two methods for carrying out print control in subscriber telegraph 
apparatus are presented: 1) Establishment of auxiliary contacts in the 
telegraph transmitter, which transmits the pulses to the receiver direct 
current amplifier and thus controls the print magnet of the apparatus. 2) 
Connecting of two band filters to the transmitter generator output. 

GERMAN (FGR) PATENT, class 21a’, 29/01, (H 04 1; H 03 jj), No. 
1050396, 06.08.59. Grabe. Tuning of radiotelegraph receivers. [Grabe. 
Lea and Schwarz) Abstimmung Einstellanzeige bei Telegraphie-Empfin- 
gern]. 

An indicator with electron-beam tube for tuning AM and FM tele- 
graph radio receivers with amplitude discriminators is proposed. 

ENGLISH PATENT, class 40(3), No. 845115, 17.08.60. Susicky. 
Electronic telegraph transmitter. [Susicky (Tesla Narodni Podnik) An 
electronic signal transmitter for a teleprinter]. 

An electronic start-stop transmitter is presented. Upon pressing 
the key two contacts close: the blocking, which activates the coding circuit 
of the transmitter, and the combination, which determine the code combin- 
ation at the output. The transmitter is designed for a telegraph speed of 
50 baud. Its circuit consists of ordinary electronic tubes. 

USA PATENT, class 331-113, No. 2912653, 10.11.59. Tullman. 
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Square wave oscillator. [Tullman. (Burroughs Corp) Square wave oscillator]. 

A square wave oscillator with short voltage settling time, due to which 
the pulse form is close to the ideal rectangular in a wide frequency range, is 
presented. The oscillator consists of two coupledtransistor amplifiers. 

USA PATENT, class 250-27, No. 2920191, 05.01.60. Rosenberg. 
Trigger circuit. [Rosenberg (Radio Corp. of America) Trigger circuit]. 

A trigger circuit, in which the electron tubes are replaced by two 
toroidal core transformers with rectangular hysteresis loop, is proposed. 
The two stable states of the trigger circuit correspond to the two opposite 
induction saturation values on the hysteresis loop. 

USA PATENT, class 307-88-5, No. 2920215, 05.01.60. Lowe. 
Multivibrator. [Lowe (Radio Corp. of America) Switching]. 

The presented circuit consists of a multivibrator with two stable 
states without the usual direct current supply source The latter serves 
as a source of excitation pulses. 

USA PATENT, class 179-1, No. 2920140, 05.01.60. Morgan. 
Electrostatic microphone circuits. [Morgan (Radio Corp. of America) 
Electrostatic microphone circuits ] . 

Amplifier circuits for microphones, which ensure stepped up 
polarizing voltage and short settling time after the supply source is switch- 
ed on, are presented. 

USA PATENT, class 179-1, No. 2921135, 12.01.60. Hoodwin. 
Electroacoustical device. [Hoodwin. (Electrol - Voice, inc.) Electroa- 
coustical device]. 

To obtain high quality sound reproduction, a three-speaker sys- 
tem to be installed in an enclosure as instructed in the patent is proposed. 

ENGLISH PATENT, class 40(3), No. 844609, 17.08.60. Jaques. 
Improvements in or relating to the amplification of colour signals. [Jaques 
(Electric and Musical Industries Ltd.) Improvements in or relating to the 
amplification of colour signals. 

A method of increasing the amplification factor and the signal-to- 
noise ratio for a color amplifier during the reception of synchronizing 
flashes by elimination of negative feedback is presented. One of the am- 
plifier cascades consists of a pentode, the second of a transverse-control 

- tube. After the elimination of negative feedback, the amplifier bandwidth 
is reduced and the amplification factor increased. 

USA PATENT, class 178-5.4, No. 2927152, 01.03.60. Stephen. 
Color television beam registration system. [Stephen (Sylvania Electric 
Products Inc.( Color television beam registration system]. 

To eliminate errors in color reproduction caused by the discrep- 
ancy between the line starting and that of the delay circuit, a special 

_ vyariable-delay network containing two memory tubes is proposed. 

USA PATENT, class 178-5.4, No. 2922837, 26.01.60. Boothroyd. 
Television transmission method. [Boothroyd. (Philco Corp.) Color 
camera output sampling system]. 

A color television transmitting system — a series with inter-spot 
color alternation is proposed. For this purpose, a transmitting tube and 
optical filter consisting of color strips is utilized. 

FRENCH PATENT, class H 04n, No. 1225063, 29.06.60. Color 
television. [(Cie Francaise de Télévision) Perfectionnements aux pro- 
cédés de transmission de télévision en couleurs]. 

Improved color television systems with alternate amplitude 
lated color subcarrier is proposed. A variation of the above system with 
frequency modulated subcarrier is also suggested. The frequency modu- 
lation is achieved by means of a special electron-beam tube. 
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